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The manufacturing programme of Siemens-Schuckertwerke includes 





POWER SUPPLY EQUIPMENT 


Thermal and Hydroelectric INDUSTRIAL EQUIPMENT 
Power Stations, Substations, 
Transformer and Converter Stations, 
Switching Stations, Control Rooms, 
Overhead Lines and 

Underground Cable Systems, 
Turbo-sets, Steam Turbines, 
Generators, Transformers, Reactors, 
Rectifiers and inverters, Capacitors, 
High-voltage and 

Low-voltage Switchgear, 

Relays, Automatic and 

Remote Control! Equipment, 
Regulating Equipment, 

System and 

Machine Protection Equipment. 


Electrical Equipment of Mines, 
Smelting Works, Rollinc Mills, 
Chemical Works, 

Manufacturing and Refining Works. 
Special Drives, Control, 

Switching and Regulating Equipments 
for all types of industrial Works. 
Electrical Equipment for Cranes, 
Lifts and other Hoists. 

Welding Sets, Medium- and 
High-frequency equipment for 
industrial purposes, 

infrared Equipment, 

Ultraviolet Radiation Equipment. 











ELECTRICAL EQUIPMENT 
FOR TRANSPORTATION LIGHTING, 
INSTALLATION AND WIRING 
Electric Main-line Railways, ac 
Tramways, Trolley Buses and Lines, pts Fittings for Incandescent 
4 — and Fluorescent Lamps 

Wiring Material, Cabies and Wires, 
Installation of Power and 
Light Equipment, 
Electric Stage Equipment. 


Works and Mine Railways. 
Overhead Trolley Lines, 

Power Supply Equipment 
Electrical Equipment for Ships, 
Harbours, Shipyards and Airports, 
including Lighting Equipment 











ELECTRIC DOMESTIC 
APPLIANCES 


# Small Appliances, 


MOTORS AND SWITCHGEAR 





Pumps and Fans, 
Electric Tools, 


Space Heating Equipment, 
Electricity Meters. ing 


Water Heaters, Vacuum Cleaners, 


Fans, Hand Driers, Laundry Driers, 
Rotary lroners, Refrigerators 
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SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 


BERLIN + ERLANGEN 
SOLE REPRESENTATIVES: 


SIEMENS ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LTD. 


BOMBAY CALCUTTA NEW DELHI MADRAS BANGALORE 
G.P.O. Box No. 490 G.P.O. Box No. 715 P.O. Box 543 36, Mount Road 9, St. Mark’s Road 
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Gurley current meters have been in use all over the world for 

more than 70 years for measuring the rate of flow of water in shallow 
streams, irrigation ditches, canals, sewers, deep rivers of tidal waters. 
The 622-H Exploration outfit consisting of Basic Meter with spare 


parts and accessories, is an invaluable asset in geological surveys. 


W. & L. E. GURLEY, TROY, New York 
Distributors : 


MOTWANE PRIVATE LIMITED 


Incorporating : 
EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED 
and 
CHICAGO TELEPHONE & RADIO COMPANY PRIVATE LIMITED 
1909 FIFTY YEARS SERVICE 1959 


Electrical, Mechanical & Electronic Engineers and Contractors 
127 Mahatma Gandhi Road, Post Box No. 1312, Bombay-!. | Phone: 252337 (3 lines) Grams: ‘CHIPHONE'’ all offices 
Branches at: Calcutta, Lucknow, New Delhi, Madras, Bangalore and Secunderabad 
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ONE OF SIX 18 FT. DIAMETER BUTTERFLY VALVES 


FOR THE WARSAK HYDRO-ELECTRIC PROJECT 
GOVERNMENT OF WEST PAKISTAN 


REPRESENTED IN INDIA BY 


THE CROMPTON ENGINEERING CO. 
DOMINION ENGINEERING 


COMPANY LIMITED (MADRAS) PRIVATE LTD., 
P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS P.O. BOX 205, MADRAS, INDIA 
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“Why it really costs less 


Hh need to stock great quan- 
tities of replacement 
bearings. Timken made-in-U.S.A. 
tapered roller bearings are made to 
maintain precision for the life of 
your machine. 





EXTRA load-carrying cap- 
acity is another 
advantage of Timken bearings. Full- 
line contact between Timken bearing 
rollers and races is what does it. They’re 
made from Timken steel and tapered 
to take the loads from all directions, 
eliminate thrust devices. 




















RE PLACEMENT 











LESS frequent lubrication is a proven 

fact with Timken bearings. They 
hold shafts concentric with their housings— 
making closures more effective, oil stays in, 


dirt out. 
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to get the best”’ 







LESS maintenance atten- 
tion saves you 
money when machines roll on 
Timken tapered roller bearings. 
They roll true, practically eliminate 
friction, increase the life of 
related parts. 


TRADE -MARK ORIGINATED, OWNED, REGISTERED 
BY THE TIMKEN ROLLER BEARING COMPANY 


TAPERED ROLLER BEARINGS 


MORE engineering service is yours 
for the asking when you buy 
Timken bearings. Our engineers will be happy 
to work with you in designing new bearing 


applications, help you get the most for your 
bearing expenditure. 























THE LONG RUN 


You pay less for Timken tapered roller 
bearings because you get a precision 
product that you can forget about. 
Why not buy the best and be sure of 
trouble-free operation for the bearings 
in your machine? The Timken Roller 
Bearing Company, Canton, Ohio, 
U.S.A. Cable: “TIMROSCO”. 
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if 
pipes are laid for Water Supply,Drainage, 
Whoever, irrigation or Culverts you will find , 


zw Q 


Wherever concrete sewers and drainpipes 
are subjected to unusual severe corrosion, 


abrasion or both; Engincers and Contractors a oe ‘ 

can make sure of longer lasting pipe installations <= fa A — 
built at less cost, by specifying INDIAN HUME ye — \ Ried 

PIPES. £ 


HUME PIPES offer the advantage of great 
strength, denser structure, and increased flow 
efficienc y at low cost. 




















These PIPES are manufactured to withstand at ) 
moderate pressure for water supply and are a 
ideal for Drainage and sewage schemes. Unlike r= hile 
C. |. or bare Steel Pipes, R. C. C. SPUN PIPES r 
do not corrode. NA P| 
aN T ji 








THE INDIAN HUME PIPE CO. LTD. 


Head Office:— CONSTRUCTION HOUSE, for your requirements contact our nearest 
BALLARD ESTATE, BOMBAY |! factory or write directly to our Head Office 


Calcutta Branch: 190/1, Rash Behari Avenue, Calcutta-29. 






















































































Steel Castings 
Manganese & 
Carbon 


























KUMARDHUBI ENGINEERING WORKS LTD. 
Managing Agents: 


BIRD & CO. (PRIVATE) LTD. 


Chartered Bank Buildings, Calcutta-! 
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Do you know that 


Firestone 
| EARTHMOVER TYRES | 


are now all made with 


Rylon. cords? 
* Stronger * Tougher * Impact Resistant 


ef 

























Firestone proudly announce that all sizes of the 
Firestone Earthmover tyre and the Firestone Rock 
Grip Excavator tyre are now being manufactured 
exclusively with Nylqn cords. * 
*Nylon cords have greater tensile strength than any 
other type of fabric used for cords in tyres. Nylon 
cords are particularly effective in preventing diagonal 
and X- breaks caused by impacts. They are highly 
resistant to water and do not deteriorate when 
exposed to moisture through cuts or snags in the 
tyre body. Only nylon cords have such high resistance 
to fatigue from heat. 
Because of these characteristics, Nylon cords in 
your Firestone Earthmover and Firestone Rock 
Grip Excavator tyres will (1) Reduce danger of 
blowouts, (2) Reduce failures from heat, (3) Reduce 
bruise damage, (4) Reduce failures from cuts, and 
(5) Maintain strength for retreading. 


13.00-24 8 & 12 Ply Rating R B. 
18.00-24 16, 20 & 24 Ply Rating 
18.00-25 12, 16, 20 & 24 Ply Rating 
21.00-24 16, 20 & 24 Ply Rating 
21.00-25 16, 20 & 24 Ply Rating 





Firestone 
ROCK GRIP 
EXCAVATOR 


also now 
with Ueylou. Cords 


12.00-24 16 Ply Rating 
13.00-24 18 Ply Rating 
14.00-24 20 Ply Rating 






Firestone 


Pioneers of the Earthmover Tyre in India 

















because it pays to be particular 


Leading Crchileelg Specgy 





No other ditcher equals the new 702-A for electrical, plumbing and 
excavating contractors, railroads, utilities, telephone companies, 
and government bodies. Write for literature. 


Easier operation, reduced maintenance, 
greater maneuverability... 


New Barber-Greene 702-A Ditcher 


New cost and performance records for 
underground placement of gas, water, 
electric and telephone services, sprin- 
kler systems, and all other work requir- 
ing marrow trenches were set by the 
Barber-Greene Model 702 Ditcher. The 
new Model 702-A offers even faster, 
more economical digging. 


Maintenance costs are reduced by new 
special headshaft bearings, new boom 
support bearings, new large-radius foot 
end, and optional foot sprocket. New 
positive boom hoist lock. 


Greater horsepower and new reduced 
bucket line speed allow digging through 
tougher materials. New hydraulic caster 
hoist makes height adjustment easier, 
more accurate. Optional dual wheels 
allow machine to operate on unstable 
bases. Optional electric starter. 


The 300% more brake area and im- 
proved lever action make steering easier, 
more accurate. Optional follow-up 
scraper assures clean trench. New bucket 
line take-up readily accessible. 

Faster towing with new tapered roller 
wheel bearings and improved towing 
hitch. Optional twin casters give better 
stability and steering, and allow machine 
to straddle trench. 


Write for information on the newest 
ditcher in the line of advanced design 


see your 








Barber-Greene 


distributor 
sk Vacks abont- it- 
William Jacks & Co.Ltd. 


(Incorporated in England. Liability of Members Limited) 
CALCUTTA BOMBAY MADRAS 
Sole Agents for 
Barber-Greene Overseas, Inc. Aurora, Illinois, U.S.A. 


Barber-Greene Olding & Co. Ltd., Hatfield, Herts, England. 





SITABORD 


FLUSH DOORS, BLOOKBOARDS AND PARTITIONS 


SITAPLY 


DECORATIVE AND MOULDED PLYWOOD 


‘Sitawoo d 


Particle Board veneered and 
unveneered in various standard 
and custom sizes and thicknesses. 





QW Hou Frode 


MANUFACTURED 


FOR THE FIRST TIME IN INDIA BY 





PLYWOOD 
PRODUCTS 


SITAPUR, U.P. 


Pioneer manufacturers of liquid Phenol 
Formaldehyde Synthetic Resin bonded 
(waterproof) Plywood and Blockboard. 


FIRST IN THE FIELD AND STILL LEADING. 


PPA 





59-517-D 
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H. V. CIRCUIT- BREAKERS § 

M. V. CIRCUIT- BREAKERS # 
METAL-CLAD AIR-INSULATED SWITCHGEAR 
INSTRUMENT TRANSFORMERS 
ISOLATORS 

BUSHINGS | 

SWITCHBOARDS AND CONTROL DESKS § 





Head Office & Works: SAVONA (Italy) VIA FIUME 2 
Comm. Management: MILAN (Italy) VIA MANZONI 12 








What are Durajoint & Duraseal? 
Where are they used? 

: ~ . What are their advantages? 
sunaioit |) Why are they specified by so many 
DURASEAL construction engineers? 


M &1 have prepared a booklet containing the answers to these 
and many other questions about Durajoint and Duraseal. 
Experience shows that they are ideal materials for expansion 
and construction joints in concrete, and if you’d like some 
facts and figures write or ’phone for a copy of "Durajoint and 


Duraseal” ; it is packed with useful information. 





There is nothing quite like 
Durajoint and Duraseal 
THE MIGANITE & INSULATORS GCO., LTD., 


Blackhorse Lane, Walthamstow, London, E.17 
Tel: Larkswood 5500. Grams: “‘Mytilite’’, Easphone, London. 
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POWER—MANOEUVRABILITY 


In India today, with its growing industrial might, 

Coles Cranes are on the job night and day helping build 
factories, steel plants—working on multi-purpose projects. i 
In the busy ports of India, Coles Cranes are extensively 


used because of their high degree of reliability, accuracy 
and manoeuvrability. 


= 
OLE THE NAME THAT CARRIES WEIGHT 


TRACTORS (INDIA) LIMITED 


1, Taratolla Road, Garden Reach, Calcutta 
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Neyrpic Pelton 
turbines, each 
< 100,000 H.P. at 428 
a RpM at 3.770 ft. head 

directly coupled with 
Alsthom alternators 
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Power Planning for 


Optimum Utilisation of Indian Rivers 





It is well-known that most of the power schemes 
sanctioned under the first Five Year Plan were merely 
a continuation of the schemes which were in execution 
at the time, or those for which there were immediate 
demands. 


It is difficult to find out any uniform policy under- 
lying the sanction of power schemes under the second 
Five Year Plan. Neither the Planning Commission 
nor the Central Government have so far published any 
statement of policy which they follow in the selection 
of hydel, thermal or other power schemes so as to 
ensure optimum utilisation cf our natural resources. 
It looks as if the Planning Commissicn examined the 
various schemes submitted by the several States and 
sanctioned as many of them as could satisfy each 
State. The only criteria seems to have been the finan- 
cial capacity of the States to implement their schemes 
and probably other political considerations. In many 
cases the Planning Commission were helpless. They 
could make no choice as the number of schemes sub- 
mitted for approval was no more than the number re- 
quired to meet the immediate needs of the State. The 
result of this want of a proper policy by the Centre 
and the paucity of schemes investigated by the States 
have led to a situation “that in certain areas even 
large industrial plants sponsored by the Centre had to 
face real difficulties in the way of securing all their 
power needs”’.' If these situations have to be avoid- 
ed, it is necessary that a national plan is worked 
out based purely on technical grounds to utilise our 
natural resources to the best advantage. Though the 
National Planning Commission may have to be guided 
often by factors other than purely technical in making 
their selections, there is no doubt that recommeda- 
tions made in a National Plan based on technical 
grounds will not lightly be brushed aside. 


For formulation of such a Plan an extensive survey 
of the resources available for power development is 
necessary. Thanks to the preliminary studies conduc- 
ed by the Central Water and Power Commission 
fairly reliable information of our resources is available. 
Studies have shown that large blocks of hydro-electric 
power areavailablein (a) the Himalayan region with 
resources partly located in Nepal commanding the 
whole of Western and Northern U.P., part of Bihar 
and the Punjab, and (b) the Western Ghat region 
commanding Kerala and Mysore, (c) Thermal 
Stations can be very economically developed 
in the coal bearing areas of South Bihar, West 
Bengal and most parts of Madhya Pradesh. 
The quantity of coal available is so vast that it is 
more than sufficient to meet our requirements of 
power in the foreseeable future. The difficulties of 
having thermal stations all over the country are (1) 
additional capital required by railways to extend 


By N. S. GOVINDA RAO 


their line capacity for hauling coal (2) cost of trans- 
portation and (3) the necessity of conserving the 
superior qualities for more productive purposes. 
With the advent of nuclear power, which does not 
pcssess the disadvantages mentioned above, it may be 
possible to work out an allocation of areas in the 
country where each type is mcre economical than che 
other. But befcre recourse is had to these types, it 
is necessary to work out plans fcr the fullest exploita- 
tion of our water resources. The relative merits of 
these two types are given below :— 





Thermal Hydro 


1. Moderate capital outlay 1. Higher capital outlay 
(about Rs. 900 per kW) (about Res. 1500 per kW) 


te 


Greater part of the out- 
lay will have to be in- 
curred before benefits 
start coming; revenue 
delayed 


2. Phasing of expenditure 
and benefits possible; 
earlier revenue inflow 


3. Larger foreign exchange 3. Smaller foreign exchange 
(about Rs. 500 per kW) (about Rs. 200-300per kW) 


4. Higher working expenses 4. Lower working expenses 
(particularly for fuel) 


5. Smaller outlay on trans- 5. Larger outlay on trans- 
mission being near load mission 
centres 

6. Very little time on plan- 6. Longer time for investi- 
ning gations and planning 


~I 


=I 


Longer period of cons- 
truction (say 6-7 years) 
and large interest lost 
during construction 


Shorter period of comple- 
tion (3-4 years) and small 
interest lost during 
construction 


8. Larger employment during 8. Larger employment. 
operation stage during construction 
stage 


© 


Involves development 
charges for coal output 
and extra transport 
capacity 





It should be remembered that while coal and mate- 
rial for developing nuclear energy are wasting assets, 
water resources are inexhaustible as they get renewed 
with every year of rainfall. ‘Therefore a National 
Plan for power development shculd include complete 
utilisation of water resources supplementing it with 
other forms of energy. 


(1) ‘Power Engineer’ Vol. 7, No. 3 “Priorities for long term 
planning for Power’’ by Yadav Mohan and Swayambu. 
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Hydro-Electrie potentialities of the areas in India 
as revealed by preliminary surveys have been given 
both river-wise and power-wise in Appendices I and IT’. 
It will be seen therefrom that there is no State in 
India for which there is no reasonable access to hydel 
power. ; 


For the preparation of master plans for the complete 
utilisation of the water resources, the following fac- 
tors have to be considered :— 


(1) The total flow available 

(2) The Head available 

(3) Trends in load development 

(4) Types of river development 

(5) Types of power development possible 
(6) Distribution of Power in regional grids 


Total Flow Available 

The total flow over a period of time is different 
from the total flow utilisable for power generation. 
Calculations of the total flow available has neces- 
sarily to depend on the type of storage reservoirs to 
be built. For these calculations the entire river basin 
should be considered as a single unit. ‘Data of flow at 
various possible dam sites across the main river and 
its tributaries have to be collected or computed for a 
number of years. Storage reservoirs in adequate 
numbers should be proposed so as to impound the 
entire flow of the river occurring in three or more 
successive years of good rainfall. The number of con- 
tinuous years one has to take for this purpose is deter- 
mined by working out the extra revenue yield from 
the additional investment necessary for the addi- 
tional storage that will accrue if more successive 
years of good rainfall are considered. The sites where 
the reservoirs are to be built may quite often be 
different from the places where the power has to be 
generated. While the criteria for selection of a dam 
site must necessarily be its cost of construction inclu- 
ding payment of compensation to any lands coming 
under submersion, the selection of site for power 
generation is considered on the head available and 
its nearness to the load utilisation centres. In some 
cases it has been possible to store water in one valley, 
divert it to another through tunnels or otherwise where 
greater heads and other favouring factors exist. After 
the construction of such huge reservoirs at a few 
selected places, the entire river should be channelised, 
that is, its waterway may be remodelled by regrading 
it throughout its length. This regrading may be done 
in such a manner that there will be a number of power 
stations of small heads, situated in such a manner 
that the tail race of one forms practically the head 
race of the other situated downstream of it. 


Head Available 
The heights and the number of reservoirs that can 
be built fully utilises the site available is a matter for 
systematic study. Unfortunately not very much 
thought seems to have been given to this aspect. In 


(2) Journal of the Institution of Engineers (India), March 1958 
“Master Plan for Integrated Water Utilisation’’ by Kanwar Sain. 


some cases it may be possible to build a dam te the 
maximum height possible at the site, even though the 
a dam to the quantity to bestored may be very mucb 
less than the total capacity of the reservoir. In such 
a case the reservoir may be allowed to get filled up to 
a dead storage level before starting to use them. The 
working tables for using the flow may be prepared on 
the basis of utilising only the storage between this dead 
waters torage level and the full reservoir level (F.R.L.). 
Thisis feasible when the yield from the additional power 
generated by this artificial raising of the operational 
levels of a year’s flow is sufficient to cover the interest 
charges on the extra investment necessary for raising 
the dam, and other expenses. 


Another method of utilisation of the head may also 
be considered. In areas where the slope of the river is 
very flat and the discharges very large, the cost of 
bringing large areas under submersion by building 
high dams may be very heavy. A large number of low 
head stations may be buiit. Incidentally there may be 
savings in transmission of power as load utilisation 
centres may be brought nearer to the power generating 
stations. 


A third aspect that may be considered is the possi- 
bility of securing greater heads by diverting the flow 
to neighbouring valleys as already mentioned. 


Trends in the Variety and Development 
of Loads 

Statistical studies are not alone sufficient to fore- 
vast the trend of development of loads. The policies of 
the government in regard to firstly the extent of making 
finances available fcr power development, secondly 
the type and size of industries that are to be developed 
in the private and public sectors and thirdly the en- 
couragement to be given for development of industries 
in the villages and to irrigation by pumping have all 
to be considered. It is also true that the government 
may not be able to formulate any policy without data 
of cost and other details being furnished en the differ- 
ent factors mentioned above. The policy for generation 
of power and that for its utilisation are thus interlink- 
ed. The engineers have first to furnish data on the 
power that can be generated based on preliminary in- 
vestigations. The government will then have to for- 
mulate a policy on its utilisation. Then the engineers 
have to work out their master plans for locating the 
centres for generation of power and its utilisation. 


Studies of the trend for future development are 
based on the power actually generated during the past 
years. It does not take inte account the severe limi- 
tations of finances, materials and technical man power 
which have handicapped development to the extent 
the country is actually demanding. Between demand 
and. supply there is a wide gap. Statistical studies 
can be more realistic if studies of trends are based on 
the demands that existed from year to year. 


Types of River Development 
Few river valley projects are entirely devoted to 
power development. They are integrated to irriga- 
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tion development; sometimes to multipurposes like 
those of flood control, navigation etc. In framing 
master plans for integrated water utilisation, the 
entire river basin irrespective of political divisions 
like States, or Districts bas to be treated as a single 
unit. Power development schemes in the upper 
reaches of a river where generally good foundations 
for building dams are available, the cost of submersion 
is low and the lands not very fertile and uneven, 
power development should receive priority over 
irrigation development. This arrangement has also 
the advantage that it ensures uniform flow through- 
out the year, so that by constructing anicuts (dams 
of low height), it is possible to bring large areas 
under irrigation in the deltaic reaches of a river. 


Type of Power Development 

The country has now sufficiently advanced when it 
has become quite feasible economically to tie up in a 
few grid systems most of the power stations which 
have come up like mushrooms. In a grid we have 
both hydel and thermal stations. We should now 
think of examining the feasibility of building hydel 
stations for peak load hours operations, working as 
pump storage schemes. These are fitted with pump- 
turbine units. During peak bours the water wheels 
work as turbines using the water from the storage 
reservoir. During other periods these wheels take in 
any unutilised surplus power in the grid at any instant 
of time and turn in the reverse direction working as 
pumps and lift the water let down during peak hours 
back to the storage reservoir. We can have thermal 
power stations with heat supplied either by coal or 
by nuclear power. 


Distribution of Power in Regional Grids 

The numbersand types of power stations that should 
form a grid need not necessarily follow any political 
boundaries and not even in the limits of river basins. 
The only criteria is that the combination of hydel and 
power stations should be such that it ensures in the 
grid the highest power factor at the same time en- 
suring the highest possible river utilisation factor and 
the plant capacity factor. 


Conclusion 

The first step in drawing up a master plan is there- 
fore to study the economic policies of the government 
as it affects the utilisation of load. The second step is 
to treat the entire river basin as a single unit and 
calculate the flow available in a period of years at 
several steep and flat reaches of the river. Detailed 
projects for high or low head power development can 
then be worked out. Working tables or mass curves 
can then be drawn to determine the firm and secon- 
dary power available in successive good years of rain- 
fall. Then the capacity ofthe thermal] stations required 
to convert most of the secondary power to firm power 
in average bad years of rainfall is worked out. In 
order to ensure thermal powerplants working at high 
power load factors one or two pump reservoirs for 
operating during peak hours may be constructed. In 
such a scheme, it is possible to ensure the highest 
possible power load factor, the river utilisation factor 


and plant capacity factor for hydel stations in good 
years ofrainfall. The plant capacity factor for thermal 
stations will be lower thus saving in coal or fissionable 
material. In bad years of rainfall the power load 
factors of thermal stations will be higher as they have 
to work more hours to make up the deficiencies of the 
hydel power generated. 


It is desirable that a master plan somewhat on the 
lines indicated above is prepared for all regions in 
India. Its execution may be taken in such stages 
that are dictated by considerations other than those 
of only power generation, such as those of finance, 
demand for power, foreign exchange difficulties ete. 


Appendix—I 
Basinwise distribution of hydro-electric potential 





Power output 


Name of river basin 
kW at 60% load factor 








Pambayyar $e 333,000 
Periyar oak 878,000 
Chalakudi on 300,000 
Ponnani (Silent Valley) re 64,000 
Valarapatnam (Barapole) a 180,000 
Varahi = , 150,000 
Chakranadi Ne 20,000 
Sharavati B Prine 791,500 
Aghanashini em 210,000 
Bedti ‘i 420,000 
Kalinadi a a ; 646,000 
Mahadayi ae 48,000 
Tambaparni ie 5,000 
Cauvery os 573,770 
Krishna 1,818,000 
Godavari 4,534,600 
Mahanadi 836,500 
Brahmani 764,000 
Baitarani 275,000 
Tapti 133,000 
Narmada 1,882,500 
Ganga 
(a) Upper Ganga oe 1,521,5 
(6) Jumna and tributaries »220,000 
(c) Tons ae 110,000 
(d) Sone 744,000 
(e) Sarda 1,813,400 
(f) Kannali 2,745,000 
(g) Kosi 4,725,000 
(h) Damodar 105,000 
Total for Ganga 12,983,900 
Brahmaputra 
(a) Dihang 4,050,000 
(6) Dibang 625,000 
(c) Luhit 2,130,000 
(d) Subansiri 1,000,000 
(e) Kameng 365,000 
(f) Kalang 756,000 
(g) Kulsi 55,000 
(h) Barak (Surma) 1,877,000 
(¢) Teesta oe 948,000 
Total for Brahmaputra 11,806,500 
Manipur River (by diversion into Barak 
basin) ne 811,000 
Kaladan (Tuipui) 650,000 
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For the ADVANCED GAS. 
g COOLED REACTOR or A.G.R., at 
the Windscale works of the U.K. Atomic 
Energy Authority, Babcock & Wilcox are 
supplying the domed Containment 
Building, 148 ft. high by 135 ft. max. 
diam., of welded steel construction, with 
plate thicknesess from 4 in. up to 
1-15/16 in. 


















COMPLETE NUCLEAR 
STEAM-GENERATING 
PLANT 

REACTOR 
PRESSURE-VESSELS. 
CONTAINMENT 
BUILDINGS. 
STEAM-RAISING UNITS 
(HEAT-EXCHANGERS) 
DRUMS, MANIFOLDS. ETC. 
HELICAL-FINNED 
STEEL TUBES. 
































REACTOR 
COMPONENTS. 
MECHANICAL- 
lt: = ' HANDLING EQUIPMENT. 
= ee ae STRUCTURAL 
STEELWORK. 
With over 10 years experience in the nuclear CRANES. 
field, BABCOCK & WILCOX have developed DUCTING. 
outstanding design and manufacturing facilities PIPEWORK. 
for the construction of nuclear power plant. re nsdn arg 
This wide basis ience is now UIPM 
. So pees NUCLEAR RESEARCH. 
broadened by important arrangements for tech- 
nical collaboration with The Babcock & Wilcox COMPLETE NUCLEAR 
Company, of America, which is responsible for POWER STATIONS 
many major nuclear developments, both land For the design and building of 
and marine, in the United States. complete nuclear power stations 
This unrivalled combination of knowledge of the gas-cooled, graphite- 
and experience enables Babcock & Wilcox Ltd. madras spt, Rares & 
: if ‘ ‘ : Wilcox Ltd. are in association 
to undertake the design and construction of a with the English Electric Com- 
range of nuclear power plant and components, pany Lid., bringing to such 
for reactor systems of either the gas-cooled or undertakings os outstanding 
water-cooled types. combination of facilities and 
? experience in mechanical, elec- 
trical and civil engineering. 














Part-sectionai view of one of the twelve 
Babcock 452,000 !b./hir. dual-pressure steam- 
raising units, 90 ft. high by 2/ ft. 6 in. diam., 
for the 500 MW Hinkley Point nuclear 
powe’ station. 
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{ & 3, BRABOURNE ROAD, CALCUTTA. 16, QUEEN’S ROAD ESTATE, BOMBAY. 





Nuclear Power and the Engineer 





Although in a narrow sense nuclear power has 
only introduced an alternative fuel, much more than 
this has been done since 1946 when the Atomic Energy 
Organization of the United Kingdom was first formed 
within the Ministry of Supply: a whole new and com- 
plicated industry has been created. The first factory, 
which was built at Springfields, was for the extraction 
of uranium from its ore and the subsequent purification 
of the uranium salts and their conversion into metallic 
uranium, which was enclosed in cans for insertion 
into the reactors. After irradiation in the atomic piles, 
these fuel elements contained plutonium, which was 
needed for defence purposes, and a reduced quantity 
of uranium-235. They were treated in chemical plants, 
in which the plutonium was extracted in an impure 
form and afterwards purified and converted into ingots 
of metal. The solution containing fission products was 
concentrated by evaporation and put into storage, 
while the uranium, with its depleted content of urani- 
um-235, was purified. Before it could be re-used in 
reactors this depleted uranium had to be re-enriched 
in its fissionable isotope, and this was done in the diffu- 
sion plant which was built at Capenhurst. 


In the ten years between 1946 and 1956 the problems 
of these ancillary plants wereinconceivably greater than 
the problems involvea in the design and construction 
of nuclear reactors, and of all the difficulties which 
we met during those years I believe that those connect- 
ed with the design and construction of the chemical 
separation plants were by far the greatest. But these 
plants are likely always to remain behind the scenes; 
it seems probable that they will continue to be 
operated by the Atomic Energy Authority, and 
as each plant is able to process the materials re- 
quired for, and produced by, several reactors, the 
number of these plants is likely to be limited. It is 
in the development and use of the reactors themselves 
that public interest has been mainly concentrated, 
and it is in this field that the greatest development is 
likely to take place in the future. 


One cf the reasons why the reactor problems present- 
ed the least of all our difficulties in those early days 
was that in designing them we were able to proceed 
in a stepwise way towards the evolution of advanced 
systems, whereas in the development of the ancillary 
processing plants we were bound to jump directly 
from laboratory scale work to the design and construc- 
tion of tull-scale units planned to meet the quire- 
ment for many years abead. When, in 1946, we started 
to design the graphite-moderated, air-cooled experi- 
mental reactor at Harwell, we had the benefit of the 
experience which had been gained through participation 
in the design of the Chalk River experimental pile, 


and the fact that even to-day this is probably the best 


By Sm CHRISTOPHER HINTON 


general-purpose research reactor in the world is a 
tribute tc the skill and ingenuity of Newall and Ginns, 
whowere mainly responsible for its engineering. It con- 
sists simply of a mass of graphite moderator built up 
from accurately machined blcecks in which rods of 
uranium enclcsed in aluminium cans lie in a suitably 
spaced lattice. The heat of fission isremoved by blowing 
air over the uranium rods and the heated air is passed 
through filters and discharged to atmosphere. The 
core is enclosed within a concrete biological shield 
reacting and controlisexerted by moving rods cf coron 
steel (which is an effective absorber of excess neutrons) 
into the reacting core through one of the biological 
shield walls. 


The experience which was gained in designing and 
building BEPO was extremely valuable. At first it 
is worrying to feel that one is designing a complex 
and expensive plant where, if breakdown occurs, it 
is impossible to get access for repairs. This feeling 
led to a standard of accuracy in the construction of 
BEPO which was not justified. Indeed, the most 
important experience which we gained in carrying 
out this project was the knowledge of how far it was 
possible to depart from the theoretical requirement 
stated by the scientist while still meeting his practical 
requirement. This is the basis of all engineering art. 


Our next commitment was to build the large re- 
actors required for plutonium production for defence 
purposes. It was at first intendea that these should 
he of a design similar tc those at Hantord in the United 
States, that is, thermal reactors, graphite-moderated 
and water-cooled. But at that time it was not possible 
to build reactors of this type which bad inherent 
stability. During operation they might become super- 
critical and disperse radioactive fission products over 
a fairly large area of the countryside. Because of 
this, the Americans had located their reactors in a 
remote situation, and had adopetd safety distances 
from towns of various sizes. There was no evidence 
at the time to suggest that these safety distances 
could be relaxed, which made it difficult to select 
convenient sites in a densely populated country like 
Great Britain. 


We know that during the War the Americans had 
wished to build a large gas-cooled reactor but were 
ciscouraged by the difficulty cf obtaining the buge 
blowers that were required. The attractions of gas- 
cooling were, however, so great that we started an 
intensive study of the proplem. We came to the con- 
clusion that by putting fins on the cans of the fuel 
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element and by compressing the coclant gas we could 
design gas-cooled graphite-moderated reactors which 
would not only produce plutonium but would also at 
the same time generate electrical power. Power 
could not be generated, however, unless the tempe- 
rature of the gas leaving the reactor was reason- 
ably high, and the problems of achieving these tem- 
peratures involved more research than we haa time 
for. We realized that by temporarily sacrificing our 
odjective cf generating electrical power and by using 
air at atmospheric pressure as our coolant we should 
be able to build a reactor for the production of plu- 
tonium which would be inherently safe and which 
would not need to be built in a remote locality. This 
led to the construction of the Windscale reactors, 
which are, in fact, scaled-up versions of the large 
Harwell experimental reactor which we had already 
built. 


The scale of the construction can be judged by the 
tact that the chimneys are more than 400 ft. high 
and the total weight on the foundations was about 
58,000 tons. But, apart from their scale, they repre- 
sented only a reasonable step forward from the 
practice which had been evolved in designing the 
Harwell experimental reactor. The most important 
development as compared with Harwell was in the 
introduction ot burst slug detector gear. It was only 
at a comparatively late stage in the design that _the 
need for this gear was established and the technique 
for detection was evolved. This technique involves 
taking samples of the exit air from all of the channels 
in the reactor so that, if a defect develops in any of 
the fuel elements, the fission products which escepe 
can be deposited electrostatically on a wire, which is 
then monitored by a Geiger counter. It was impossible 
to sample the exit air from all channels without in- 
troducing moving parts to the reactcr. The guiding 
principle in all our design philosophy had been to 
avoid any moving parts within the active zone, and 
the decision to use this air-sampling gear was a difficult 
one, but in spite of it the essential simplicity of the 
design remains. 


Meanwhile, we continued to work on the problem 
of developing a gas-cooled reactor for the production 
of useful power. By 1953 we had arrived at a prac- 
tical scheme. In that year there was an additional 
demand for plutonium for defence purposes and we 
decided that this requirement should be met by 
building graphite-moderated gas-cooled reactors which 
would produce electrical power as a by-product, and 
this was done on the Calder Hall site. 


In the Calder Hall reactors the heat of fission is 
removed from the fuelelements by cooling them in 
pressurized carbon dioxide gas instead of with atom- 
speric air as in the Windscale reactors. The uranium 
fuel elements are arranged vertically in the mass of 
the graphite moderatar and the whole of the reactor 
core is enclosed in a steel pressure vessel which is 
more than 40 ft. in diameter. Hot gas leaving this 
vessel is passed through ducts to the heat exchangers, 
in which it gives up its heat tc water ana so generates 


steam, which is used in conventional turbo-generatcrs 
to make electric power. The carbon dioxide gas 
cooled in this way passes through other ducts to the 
blowers, which force it back once more into the react- 
ing core. 


When the construction of the first Calder Hall 
reactor was only in its early stages we felt certain 
that it could form the basis of the programme for 
the large-scale development of industrial nuclear 
power, and this scheme was published in the White 
Paper of 1955. 


Up to that time all British nuclear power plants 
had been designed, built and operated by the Atomic 
Energy Authority, although all the component parts 
had been manufactured by industrial firms. It was 
decided that this was the appropriate stage at which 
industry ought to be brought in and trained in reactor 
design so that the Atomic Energy Authority could 
proceed with its main task of developing more advanc- 
ed types, while the industrial firms built the reactors 
which would be used by the electricity supply authori- 
ties. Four of these industrial power stations are now 
being being built. 


The electrical output of these industrial reactors 
will be far greater than that of the Calder Hallreactors. 
In the Bradwell reactor the pressure vessel which 
contains the reacting core has been made spherical 
and is of considerably greater diameter; a larger core 
is thereby made possible and heat transfer isimproved 
by using a higher pressure in the circulating carbon 
dioxide. But essentially, the principles of design of 
this reactor and ot the other reactors which are being 
built for industrial use are identical with those which 
were evolved for Calder Hall and which have now been 
in satisfactory and uneventful operation for two 
years. 


When I gave the Clayton Lecture to the Institution 
of Mechanical Engineers in February 1954, I said: 
“In looking at the Windscale piles you will be struck 
by their essential simplicity. This is, indeed, the key 
to pile design. The problems as initially presented 
to the designers rarely looked simple, sometimes they 
looked almost frightening in their difficulty and more 
often they were frightening in their high content of 
the unknown. The main skill in pile design has been 
in reducing such problems to terms in which they 
could be interpreted into engineering structures so 
simple, so well understood, that even the unknown 
ceased to give cause for alarm’. This is true to-day 
of all good reactor design; in looking at the designs 
of Calder Hall and of the industrial reactors the most 
striking feature is once more their simplicity, and 
simplicity in reactor design must always be achieved. 
Simplicity is the essential of all good design. 


Having looked at the course of reactor design since 
it started in 1946, let us try to predict its future. We 
have seen that in our earliest reactors, though we 
released large quantities of heat, we were not able to 
use this heat for the generation of a useful electrical 
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power because we could not recover it at a sufficiently 
high temperature. By the time that the design of 
Calder Hall was put in hand, developments in research 
had made it possible to achieve temperatures which 
enabled us to generate useful power, but these tem- 
peraturesare still low by comparison with conventional 
power plant practice. 


If we look at the history of these conventional 
power plants we find that their capital cost has steadily 
fallen with the passage of years. More than anything 
else this reduction in the capital cost of steam power 
plants has been linked with the rise in the initial 
temperature which it has been possible to achieve in 
the steam cycle. This rise in initial temperature with 
the passage of time is shown in Fig. 1. The limit has 
been imposed by different factors at different times: 
in the earliest days it was controlled by the pressure 
which could safelty be sustained in cast-iron vessels; 
later it was limited by the performance of cylinder 
lubricating oils in reciprocating engines; but for the 
past forty years it has been controlled by the metal- 
lurgy of the materials available for superheater, steam 
pipe and turbine construction. This rise in the initial 
temperature in the steam cycle has made it possible 
for higher working pressures to be used, and this in 
turn, operating hand in hand with other developments, 
led to bigger boiler and turbine units, and it is this 
growth in unit size and rating which, more than any- 
thing else, has brought down capital costs. But besides 
bringing down the capital cost of conventional steam 
plants, the higher top temperatures which have been 
achieved in the steam cycle have increased the 
efficiencies which have been achieved. James Watt's 
engines consumed 6 lb. of coal per horse power hours; 
to-day the modern steam generating plant consumes 
only 3 lb. of coal per horse power hour, and this rise 
in efficiency has sprung almost entirely from the rise 
which has been possible in the initial temperatures 
in the heat cycle. 


When the Windscale reactors were built we were 
not able to recover the beat of fission at a high enough 
temperature to enable us to generate any useful electri- 
cal power. The considerations which held us down to 
these low temperature were the possibility of reaction 
between the graphite moderator and the cooling 
air and, secondly, the possibility of trouble with the 
fuel elements. These fuel elements consisted of rods 
of uranium metal about Lin. in diameter enclosed in 
aluminium cans. Aluminium was used as the canning 
material mainly because it has a low cross-section for 
neutron abscrption; magnesium was considered as an 
alternative material but was rejected because of the 
possibility that the cans might catch fire and cause 
great damage. But while the use of aluminium had 
the advantage of avoiding this difficulty, it had the 
corresponding disadvantage that it was known that 
aluminium formed a metallic compound with uranium 
and that this chemical reaction proceeded more rapidly 
as the operating temperature rose; and it was mainly 
this consideration which held us down to the tempera- 
tures which were use in the Windscale piles. 


The construction of the Calder Hall reactors, in 
which the heat of fission was recovered at a sufficiently 


high temperature to enable it to be used to generate 
useful electrical power, was made possible mainly by 
researches which overcame this difficulty. An alloy 
of magnesium was developed which made the possibility 
of the ignition of ‘the can much more remote, and 
in addition, the use of carbon dioxide as a coolant 
instead of air still further reduced the risk of fire. Since 
that date the experience which has been acquired 
in the fabrication and use of fuel elements of the 
Calder Hall type has made it possible to assume in 
the design of the reactors for the electricity authorities 
that it will be possible to achieve temperatures slightly 
higher even than those which are used at Calder Hall. 
We find, then, that the short history of nuclear power 
shows an upward trend in the top temperature which 
-an be achieved from our reactors in exactly the same 
way that we find that the much longer history of 
conventional power plants shows an upward trend in 
the top temperature of the heat cycle (Fig. 1). 
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Besides the top temperature which can be achieved 
in the cooling gas leaving the reactor, there is another 
major factor in reactor design which affects the capital 
cost per kilowatt of power produced. This is the rating 
of the fuel elements. If the rating of the fuel elements 
can be doubled (that is to say, if twice as much heat 
per second can be produced from each kilogram cf 
uranium in the reactor) then cbviously twice as much 
heat and approximately twice as much power can be 
produced from a reactor of given size and the eapital 
cost per unit of heat output will thereby be redaced. 
There are many factors which affect the fuel element 
rating which can be adopted, but of these the most 
important is the temperature at the centre of the urani- 
um fuel element. The heat of fission is generated through 
out the whole mass of uranium and the heat released 
in the centre of the fuel element must be conducted 
to the surface for removal in the stream of cooling gas. 
This flow of heat demands a temperature gradient, and 
it therefore follows that the temperature of the centre 
of the uranium rod must be higher than the tempera- 
ture at its surface. The higher the rating of the fuel 
element. the greater must be the temperature gradient 
across it in order to conduct beat from centre to surface. 
Higher fuel element ratings, therefore, mean bighet 
centre temperatures in the uranium and, when this 
is accompanied by the higher surface temperatures 
which are necessary in order to enable us to achieve 
higher temperatures in the exit cooling gas, we soon 
find that we are operating at uranium temperatures 
which are likely to be troublesome. But Fig. 2 shows 
how fuel element ratings have risen in the past, and if 
reactor technology is to continue to develop in the 
future this trend must be continued. 
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Fig. 2. Rise in fuel-rating with passage of time 


We are therefore faced with the conclusion that 
improvement in industrial nuclear power plants can 
only be made possible by increasing top temperatures 
and the heat ratings of our fuel elements and that 
this demands fundamental development in fuel element 
design. These developments involve research which 
is largely of a metallurgical character, and so once 
again in the nuclear field we find that, as has so often 
happened in the development of conventional power 
plants, the engineer must rely on the metallurgist for 


research and development work before he can make 
real progress. In my 1954 Clayton Lecture I said, 
“The limiting factor in reactor design is the perfor- 
mance of the fuel element and this is likely to be the 
case for many years to come’”’. 


No great improvement in the top temperatures can 
be expected while we continue to use magnesium 
alloy canning material. It will be necessary to use 
either stainless steel, which is an uneconomical aksor- 
ber of neutrons, or some material having a low neu- 
tron cross-section and a high melting point, such 
as beryllium. But beryllium is an expensive metal 
and ene which is costly and dangerous to handle. It 
will be necessary to minimize the quantities which 
are used, and this will mean higher ratings so that 
the maximum amount of heat is obtained from every 
fuel element. With high ratings it will be impossible 
to employ uranium rods of the diameter which are 
at present used, and even if the fuel elements are 
made with smaller dimensional cross-sections it js 
probable that the ratings which are adopted will be 
so high as to give rise to fuel element centre tem- 
peratures which would he dangerous with metallic 
uranium. It will therefore be necessary to use either 
a ceramic or a cermet fuel element, and this wil] 
additionally be necessary because the steps that will 
have to be adopted in order to achieve the requisite 
top temperatures and heat ratings will make the fuel 
elements far more expensive. and we will require a 
far higher burn-up of the fissile material than can be 
achieved with metallic uranium in order to bring 
their cost per unit of electricity generated down to a 
reasonable level 


These developments involve an immense amount of 
difficult research and development work, but it is 
essential that this work should be carried out expedi- 
tiously and successfully. The cost of electricity genera- 
ted in the nuclear power plants which are under cons- 
truction is estimated to be between 0.66d. and 0.7. 
per unit. Based on current prices, power will he 
produced from the best conventional plants which are 
being built to-day at a cost cf only 0.54d. per unit, ana 
it is therefore obvious that the present nuclear power 
plants can only be justified as the foundation for 
improving nuclear technology. But in calculating 
the nuclear power cost of 0.66d to 0.7d per unit it 
has been assumed that these nuclear power plants 
will be used for base load only and will not be asked 
to take any share of the peak load. Ina conventional 
power plani only about one-third of the cost of each 
unit of electricity generated arises from capital 
charges, the other two-thirds arising from fuel and 
operational charges. In the nuclear power plants 
which are at present being built, this proportion is 
approximately reversed and two-thrids of the cost cf 
each unit of elecricity generated arises from capital 
charges, while only about one-third arises from fuel 
costs and operating charges. It is therefore obvious 
that if the present nuclear power plants are asked to 
take a share of peak load and therefore to work at a 
lower load factor, they will be placed at a great dis- 
advantage as compared with conventional plants. 
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This was not a matter of great concern at the time 
when the first plan for nuclear power was issued as a 
White Paper in 1955. That plan envisaged that by 
1965 about i,800 megawatts of nuclear power plant 
capacity wou'd be installed. At such a rate of ex- 
pansion it would be possible to use nuclear power 
plants on base load for 2 considerable time. But for 
various reasons the plan was expanded in 1957 and 
now envisages an installed nuclear capacity of about 
5,000-6,000 megawatts by 1966. At this rate of 
expansion, nuclear power plants wi!l have to carry a 
share of peak load by 1971 or 1972. This means that 
the nuclear power plants which are inquired for in 
1966 and ordered in 1967 must have capital costs 
which are so much reduced as to enable them to com- 
pete with conventional power plants when taking a 
share of the peak load. 

Each nuclear power plant which bas hitherto been 
ordered has shown improvement in capital costs as 
compared with the previous plant, but virtually all 
this improvement has arisen from straightforward 
engineering development cf the Calder Hall design 
and scarcely at all from basic scientific or nietallurgical 
improvement. The field for these straightforward 
engineering developments must be a limited one. 
Beyond a certain point, it will be impossible to pro- 
gress unless fuel element technology: has been develop- 
ed to a point which will enable higher top tempere- 
tures, higher fuel element ratings and higher fuel 
element burn-ups to be achieved, and to meet the re- 
quirement of the expanded programme this must ke 
done by 1966. In the Axel Johnson Lecture which 
I gave befcre the Royal Swedish Academy of Engi- 
neering Sciences in 1957 E suggested that if the rate 
of progress which bas been achieved in the nuclear 
field inthe past can be continued, and if the cost of 
coal cohtinues to rise as it has done, nuclear power 
should begin to be cheaper than conventional power 
in the reaetors which are commissioned in 1963. But 
this prediction was based on the rate of expansion of 
nuclear capacity which was envisaged in the initial 
White Paper and does not assume the greater fall in 
load factor which is involved in the expanded pro- 
gramme of 1957. Moreover, there has, I think, been a 
tendency to assume that these forecasts were predic- 
tions of what would happen rather than indications of 
what should happen. The work described in that paper 
was done to determine what was a reasonable target 
for the research and development departments and 


{Continued from page 3 


for the engineers. The results predicted can only be 
achieved if development continues with the same 
energy, skill and success in the future as in the past. 


It is of vital importance that this rate of progress 
should be achieved. The engineering technology of 
the construction of nuclear power plants differs in 
many important respects from that of the construction 
of conventional plants, and the engineering capacity 
of manufacturers in the power plant field is being 
swung into the manufacture of nuclear plants to an 
important degree. If by the 1960’s, nuclear plants are 
not developed with capital costs so low as to enable 
them to compete with conventional plants when carry- 
ing a share of peak loads, then we shall be faced with 
the alternatives of continuing to build nuclear power 
plants which will produce more expensive electricity 
than the conventional power plants that could then 
be designed, or of swinging the manufacturing techno- 
logy back from the nuclear to the conventional field. 


The expanded nuclear programme of 1957 was 
adopted for reasons which were considered to be 
good. It will, however, be a mistake not to realize 
that, besides involving a far greater rate of capital 
investment, this larger programme demands a higher 
rate of scientific and technological development. 
Progress is necessary not merely in the field of the 
gas-cooled reactor but also in the development of the 
fast reactor which, so far as one can see at the moment, 
is the only device which will enable us successfully to 
use up the by-product plutonium which is produced 
in reactors of the Calder Hall type. Moreover, the 
advance must be make with that same regard to 
safety in the future which has been achieved in the 
past; public opinion is so sensitive to nuclear risks 
that evena minor accident might lead to 2, setback 
in the programme which would involve immense 
difficulties. The problems and the challenge cf the 
next ten years are as great as those of the first ten 
years. The industrial use of nuclear power cleared its 
first hurdle in 1956 when Calder Hall went into opera- 
tion; it must clear its second hurdle with equal success 
in 1966 when we must be able to build reactors the 
design of which is so advanced, and the capital cost of 
which is so low, that they are able to take their share 
in carrying peak loads of electricity. 


Based on a discourse to the British Association. 
(By courtesy of the Nature ) 


Power Planning for Optimum Utilisation of Indian Rivers 





Appendix—II 
 Statewise distribution of Hydro-electric potential* 
State Power potential 
kW at 60% load factor 
Andhra cs 1,796,100 
Assam , 11,136,500 
Bengal (West) No major source, Details for 


Teesta River could not be worked 
out for want of adequate data. 


Bihar AP 585,000 
Bombay ‘cy 2,417,500 
Jammu & Kashmir Not yet complete 
Kerala ne 1,415,000 
Madhya Pradesh 4,061,000 
Madras ae 589,620 
Mysore ar 2,836,000 


Orissa ‘a 1,683,000 


Punjab é0 Not yet complete 
Rajasthan ‘5 108,500 

Uttar Pradesh .. 4,432,900 

Union territories 

Andaman & Nicobar Islands Not yet complete 
Delhi . Nil 

Himachal Pradesh Not yet complete 
Laccadive Group of islands -do- 

Manipur ee 1,183,000 
Tripura sie Nil 





* Distribution of hydro-electric potential very close to northern 
boundaries of India, as from the Kosi, etc., are not included in the 
Statewise figures. 


Being the Presidential Address at a Symposium on ‘Power 
Planning” held recently at the Indian Institute of Science. 
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Irrigation in Madras State 





That irrigation was practised in this State even from 
ancient times is evident from many stone Inscriptions 
available in all parts of this State and from several 
works now in existence and still functioning. The 
early Chola rulers have earned a name as pioneers in 
the field of irrigation. The famous Grand Anicut in 
the Cauvery is attributed to King Karikala—Chola 
(4th Century A. D.) and the Uyakondan channel to 
Raja—Raja Chola I (10th century A. D.). There are 
large number of stone masonry anicuts across rivers 
and big tanks built by the early Chola and Pandya 
Kings. 

. 

During the British rule, attention was first concen- 
trated on improving the then existing ancient works. 
Improvements to the Grand Anicut and building of 
Upper and Lower anicuts across the Coleroon were 
done by them. Later they built anicuts across all 
major rivers like Shatiatope, Poiney, Cheyyar, Palar, 
Palandorai and Srivaikuntam anicuts. 





Storage reservoirs like Periyar and Mettur Reser- 
voirs were also built. The Periyar scheme has, as its 
novel feature, the diversion eastwards across the 
Peninsula, of a larger river which for centuries had 
flowed into the Arabian sea. The diversion is effected 
by a one mile tunnel bored through the Western 
Ghats. The Mettur dam completed in 1934 was 
considered to be the largest of its kind in the world at 
that time. It has created a storage of 93,500 M. Cft. 


Next in importance to major irrigation, is irrigation 
under minor works which lie scattered all over the 
State. There are 25,241 tanks and 3477 channels 
(including private) besides 7,97,268 wells and 1701 
bore wells. Out of 32 million acres comprising the area 
of the State, the total cropped area is 17 million acres. 
Of this, the area irrigated is 5.2 million acres and the 
balance rainfed. 


The irrigated area under several works is shown 
below : 


Government and Private Canals. 1.88 million acres 





Spring channels .. 0.07 

Tanks sks 

Wells. Lae 
Total 5.20 





After India attained independence many major 
irrigation projects were taken up. Details of these 
projects are dealt with in the next chapter. 


Attention is also devoted to improving Minor Irriga- 
tion Works. During tbe first Five Year Plan, a sum 
of Rs. 108 lakhs was spent on these works to benefit 


By U. ANANDA RAO 


2.35 lakhs acres. The provision for minor irrigation 
during second Plan is Rs. 187 lakhs. 


Madras has already harnessed all its rivers and turn- 
ed theiggwaters for beneficial use to the maximum 
extent. Further exploitation of these rivers is not 
possible and we have come almost to the end of our 
irrigation resources. For further development and to 
secure adequate food for the growing population we 
have to look to our neighbours—the Kerala and An- 
dhra States. Certain rivers which rise in the Western 
Ghats (almost forming the border between Madras 
and Kerala State) and flow through Kerala State to 
Arabian Sea, have immense untapped potentialities as 
they derive supplies from the powerful South West 
Monsoonrain. Harnessing of these rivers and diversion 
of their waters eastwards right across the Ghats open 
up large potentialities for irrigation in Madras State. 
Similarly, the waters of Godavari and Krishna in 
Andhra State can also be brought down to the South 
to benefit a large area in this State, With mutual good- 
will and understanding such schemes will have to be 
devised and executed in due course. 


Irrigation Projects taken up in Madras during 
the First and Second Five Year Plans 
During the First Five Year Plan eight irrigation 
Projects were taken upin Madras. They are 


Cost in lakhs Ultimate Area 


(Acres) 
(1) Lower Bhavani 1000 2,07,000 
(2) Manimuthar 505 20,000 
(3) Mettur Canals 183 45,000 
(4) Araniar 104 4,500 
(5) Sathanur 239 21,000 
(6) Krishnagiri 202 9,000 
(7) Amaravathi 300 21,000 
(8) Vaigai 330 20,000 


Of these, the Lower Bhavani and Mettur Canals were 
almost completed during the first Plan and brought 
to beneficial use. The other projects were continued 
during the second Plan also. In addition three more 
Projects (1) Kattalai Canals (2) Pullambadi Canals 
and (3) Vidur Project were taken up. A bigger project 
for diversion of the west-flowing Parambikulam river 
is also proposed to be taken up during the Second 
Plan and this is awaiting result of negotiation with 
the Kerala Govt. 


Detailed notes on the projects executed and under 
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execution are furnished below. Almost all the projects 
taken up during the First Plan have since been 
completed and brought to use. 


AMARAVATHI RESERVOIR PROJECT 


The river Amareavathi is one of the tributaries of the 
river Cauvery in South India. It rises in the Western 
Ghats near Moonar in Travancore State at an altitude 
of 5000 ft. above M.S. L. andrunsthrough Anamalai 
hills and Amaravathi Reserve forests in Coimbatore 
district of the Madras State before it enters the plains 
in Udumalpet taluk of the same district. It runs 
through Udumalpet and Dharapuram taluks and falls 
into the river Cauvery near Karur in Trichinopoly 
district. The drainage area of the river in te upper 
reaches in the hilly and forest regions is subject to 
heavy rainfalls during the south-west monsoon season 
and a fairly good rainfall even during the north east 
monsoon. The river is perennial though the summer 
flow is trivial. 


The Dharapuram and Udumalpet taluks at the foot 
of hills are however dry areas with scanty rainfall 
and are constantly subject to famine. The necessity for 
an irrigation project to help some of these dry areas 
had been felt for quite 2 considerable time even as 
early as 1901 but none of the schemes wes approved 
as there was no adquate return on the project. But 
after the second world war under the “Grow More 
Food” campaign, attention was directed again on 
utilising the waters of the river for irrigation and the 
Amaravathi project was taken up as a consequence. 


Amaravathi Dam 


The site of the dam is about half a mile below 
Kombu Forest Bungalow and about 14 miles south 
east of Udumalpet town. The hills close in here and 
the plains practically commence below this point. 
The reservoir has a capacity of 4000 M. cft. and will 
provide new irrigation facilities for an ayacut of 21,000 
ares (18,000 dry and 3000 sugarcane) in Udumalpet 
and Dharapuram taluks besides augmenting the 
supplies for the existing ayacut of 32,000 acres. 


The catchment area of the reservoir is 324 sq. miles 
located in the thick forest of Western Ghats and rain- 
fall ranges from 50” to 128”. Actual flows were ob- 
served for a number of years and the minimum annual 
yield is found to be 6570 M.cft. The present reservoir 
is designed to have a capacity of only 4000 M.cft. 
The balance is reserved to be stored up in a power 
reservoir that may be constructed at a site higher up 
later. The flood discharge provided for is 1,42,000 
cusecs. The water spread area of the reservoir is 2600 
acres most of which is forest area. No inhabited 
villages are submerged but a small extent of 160 acres 
of cultivated lands is affected. 


The Dam is partly of masonry and partly of earth. 
[t is taken in a straight alignment between the hills 
on both the flanks. The total length of Dam is about 
3600 ft. of which 1067 ft. in the river portion is of 
masonry and the remaining earth dam. The dam is 
about 120 ft. high over the river bed portion. The 
F.R.L. is+1170.00 and the M.W.L.-+-1175.00. The 
dam has five river sluices of 5’ x6’ size each at level 
+-1085.00 and one earth dam sluice of size 5’x 6’ 


under construction 
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at level+1114.00 for supply of water to the existing 
irrigation. There are two canal sluices of size 5’ x6’ 
at level+-1097.00 located on the left side of river 
sluices to irrigate 21,000 ares of new area. The spill- 
way is of the ogee type 396’ long to pass a flood dis- 
charge of 1,42,000 cusecs during flood conditions. 
The spillway has 9 lift gates of 36’ x25’ and the crest 
of spillway is at +1150.00. 


The main canal designed ior a capacity 01 300 ¢/s. 
at head, takes off from the left flank and runs for a 
length of about 40 miles to provide new irrigation for 
an ayacut of 21,000 acres in Udumalpet and Dhara- 
puram taluks, The irrigation season for this new 
area is from August to January. There are about 
100 cross drainage works. The total length of distri- 
butaries is about 100 miles excluding field bothies. 
The project is expected to yield additional food grains 
to the tune of about 10,000 tons. Besides it will help 
production cf appreciable quantity of cane for sugar 
factory proposed to be started in this area. The 
value of annual production is in the order of Rs. 50 
lakhs. The cost of the project is Rs. 3 crores. 


The execution of the project was commenced early 
in the year 1954. The construction of Amaravathi 
Dam was not at all plain sailing. While excavating 
the foundations, in the deep river bed a pegmatite 
intrusion of poor strength and high permeability was 
struck for a width of 50 ft. and excavations had tc be 
taken down to 69 ft. below bed. This was wholly 
unexpected and resulted in extra cost and time. The 
foundation difficulty in this region was solved by 
adopting a special design, namely mass arch- 
concreting. 


The work on the dam is practically completed. 
Construction of parapet wall over the dam is in pro- 
gress. The erection of spillway gates is being taken up. 
The works on the main canal and distributaries excent 
for a few items which are in progress are also practi- 
cally completed. An area of 11,800 acres was thrown 
open for irrigation in 1957-58 and about 4000 acres 
of dry lands have been brought under cultivation so 
far. An area of 19353 acres out of 21000 acres has 
been thrown open for irrigation during 1958-59. 


ARANIAR PROJECT 


Araniar has its source in the Nagari range of hills 
in the Chittoor district about 3 miles north of Puthur 
(Madras-Bombay line). At Pisattur where the reser- 
voir is formed, the river drains an area of nearly 173 sq. 
miles lying mostly in Chittoor district. This site is 
just below the confluence ot its biggest tributary called 
‘Tyankalva’, 


At present irrigation in Trivellore and Ponneri 
taluks under the Araniar basin is predominantly 
dependent on rainfed tanks, a few sources having 
supply channels from the river but without anicuts. 
Naturally supplies, to those thanks have been 
precarious resulting in widely varying of food erops. 


As floods in the river are of short duration and the 
tract is mostly under tank irrigation the main object 
of the present scheme is not to have direct irrigation 
for an appreciable extent but to ensure supply to 
almost all the important tanks in the basin by cons- 
tructing a reservoir at the above site and a pick up 
anicut lower down at Surutapalli, about 11 miles 
downstream. 


Though the necessity for diverting the waters of 
the Araniar river for irrigation purposes mainly for 
ensuring the supply to the existing tanks was realised 
long ago, steps to develop Araniar valley was taken 
up only now when food situation became more and 
more acute year after year. The scheme was ordered 
to be investigated but without a rigid adherence to 
the pre-war standard on the question of return, the 
overwhelming consideraticn being utilisation of the 
waters of this river for growing more food. 


Availability of supply: Putter is the only raintal! 
station within the catchment area of the proposed 
reservoir. Rainfall statistics for 40 years (1907 to 1946) 
as recorded at Puttur were considered and run off cal- 
culated on the basis cf daily rainfall adopting strange 
tables of run off and assuring the catchment area 
as good as it is mostly hilly. Average annual run off 
in the river was worked out and the capacity of the 
reservoir was fixed as 1863 M. eft. for an F. R. l. 
+281.00. It is found that out of 40 years, the reservoir 
will be full or nearly full for 28 years, 2/3 full for 6 years 
and the remaining six years will be bad ones. 


The maximum flood discharge from the catchment 
area of 173 sq. miles, of which 150 sq. miles is free 
at this site works out to 30500 cusecs and this is pro- 
posed to be passed down through a regulator of Poondi 
type with 3 vents of 30’x10}’ provided at the left 
flank to avoid costly foundations in river bed. 


The dam is an allearth dam with a surplus escape in 
the flank as stated above. The length of the dam is 
2M. 2F. with a maximum height of 47 ft. above river 
bed. The F. R. L. is +-281.00 and the top of dam 290.00. 
The reservoir submerges an area of 5.42 sq. miles 
pattly in Chittoor district (Andbra) and partly in 
Chingleput district (Madras State). Out of 2} 
miles the length of bund over 25 ft. high is 
nearly 1} miles and that over 35 ft. one mile. At 
firs. it was proposed to have masonry core wall with 
its top at +285.00 and top width of 4’0” but it was 
subsequently omitted as unnecessary. A special fea- 
ture in this project is the cut off arrangements in the 
river portion. It consists of a series of main circular 
wells, rectangular wells and twin wells with semi- 
circular staunch wells, sunk in the river bed up to soft 
rock level and plugged so as to have an effective cut 


off. 


Two channels are taking off, one on the left to irri- 
gate 3500 acres and the other on the right to irrigate 
4000 acres, including some existing irrigation. The 
supply will also be passed from the reservoir to a 
channel taking off on the left side of the river from an 
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Araniar Regulator 


anicut built 11 miles downstream to feed a number of 
existing tanks having precarious supplies now. The 
channel from the anicut has a bed width of 54 ft. and 
a depth of 5 ft. to carry 514 cusecs. It feeds about 15 
tanks in this area. This channel is 14 miles long. 
The crops proposed under this is only rice. Besides 
stabilising supplies to the existing irrigation of 2970 
acres thescheme will benefit a new area of 4530 acres 
under the two channels. In addition it will supplement 
supplies to an extent of 5700 acresirrigated from tauks 
through the anicut and the new channel. A second crop 
can also be raised in favourable years on about 3000 
acres under the reservoir and 1900 acres under the 
anicut. The expected annual food production is about 
5000 tons. 


The ultimate cost ot the scheme is Rs. 126.39 lekbs. 
The project bas been practically completed except 
acquisition of the waterspread area. Though comple- 
ted, the project has not been put into beneficial use as 
the foreshore submersion lands in Andhra State limits 
are yet to be acquired. 


KRISHNAGIRI RESERVOIR PROJECT 


The Krishnagiri Reservoir Project nm Salem Dis- 
trict of Madras State commissioned in November 1957 
is intended to serve an area cf 9000 acres in Krishna- 
giri taluk of the same district. The river drains an 
area of 2096 sq. miles at the dam site. 


The dam is located across the Ponniar river at about 
two miles west of 163/4 of the Madras-Calicut Trunk 
Road in the village limits of Periamuthur and Peya- 
napalli in Krishnagiri taluk. 


Salem district, receiving low rain falls to the tune 
of 15” during S. W. Monsoon and 10” during North 
East Monsoon periods, 1s rightly relegated to the rank 
of dry district in Madras State and partial failure of 
crops is by no means uncommon. Most of the arable 
lands are dry and the ryots have perforce resigned 
themsevles to the vagaries cf monsoon, casting long- 
ing eyes on the waters of Ponniar flowing through 
their terrain and practically slipping through their 
lands without benefiting them. The Aliyalam any 
Nedungal Anicuts across Ponniar within the limits 
of Salem district are restricted in scope, since they 
have been designed as only diversion works. 


Rising from the south-eastern slopes of the Chenna 
Kesava hills of Mysore State, the Ponniar goes by the 
name of ‘Dakshina Pinakini’ for a length of 53 miles 
in that State before entering the Madras State naer 
Hosur. The present Krishnagiri Reservoir site 
is at mileage 101 of the river course from its origin. 
After flowing for 100 miles in the Salem district, the 
river runs across North Arcot District where another 
reservoir across the same river near Sathanur village 
is constructed. It then traverses through the South 
Arcot District and finally enters the Bay of Bengal 
near Cuddalore town. 


During the year 1876, a proposal was put forth for 
a reservoir across Ponniar. According to the preli- 
minary investigation made in 1884, the reservoir 
scheme was designed to irrigate 50,000 acres at a cost 
of Rs. 40 lakhs. Asthe scheme was based on insuffi- 
cient data as tothe availability of supply of water for 
the huge ayacut sought to be benefited and as the 
financial commitment was high, the scheme was 
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A view of the Krishnagiri Dam 


dropped. The food scarcity of the post war era neces- 
sitated the revival of the scheme in 1947 and it was 
again investigated. Theschemein its present form was 
sanctioned in November 1954 for Rs. 202.43 lakhs. 


The project comprises 2 Dam to store 2410 M. eft. 
of water and two canals on either flank. The dam is 
3250 ft. long of which the masonry section is 911’ 
in the river bed portion and the remaining 2339’ is of 
earth dam on the right flank. The central overflow 
section within the masonry portion of the dam com- 
prises eight vents of 40’ span with pies 10’ thick 
fitted with 20’ high shutters electrically operated. 
There are three river sluices each of size 5’ x 6’ with sill 
at plus 1533.00, to pass the discharge required for 
irrigation lower down. The spillway together with the 
river sluices will dispose off a flood discharge of 
1.49,500 e/s. 


Masonry dam: 

This is designed as a gravity dam. Its maximum 
height above river bed is 76 ft. and the height above 
the deepest foundation is about 96 ft. The top of the 
dam carries a 12’ roadway. The F. R.L. is plus 1585.0 
and M. W. L. is plus 1590.0 and allowing a free board 
of 9’ for wave action, the top of dam is kept at plus 
1599.0. The specific gravity of the masonry has 
been assumed as 2.25 in the design and safe limiting 
stress as 10 tons per sq. foot. The crest of the spillway 
is at plus 1565.0. The crest and rear face of spillway 
have been designed to conform to the shape of the 
nape boundary of the overflowing sheet of water for 
the maximum head of 25 ft. A bucket with staggered 
blocks is provided in rear to dissipate the energy 


of the overflowing water and the design of the bucket 
has been finalised after conducting experiments on 
models at Poondi Research Station. 


The dam up to 5 ft. from foundation was construct- 
ed with R. R. incement mortar 1:22 for the full width 
of dam. Above 5’ it was constructed of random rubble 
inred cement mortar. Red Cement mortar consists of 
four parts of cement to one part of surki by weight. 


The front face of the entire length of dam is built 
with coursed rubble in red cement mortar | : 23. To 
ensure water tightness, the front face joints are pointed 
with cement mortar 1:2. The rear face of the spill- 
way is of coursed rubble in red cement mortar 1:4 
and the facing stones dressed to suit the ogee shape. 
The piers over the spillway are built in cement 
mortar. 


The foundations have been extensively grouted to 
reduce uplift and also a drainage gallery 5’x7’6" 
has been provided practically throughout the length 
of the dam at a distance of 8’6” from the front face of 
the non overflow and spillway sections with its 
floor level taken at about 6’ to 25’ above foundation 
rock level. Approach to the drainage gallery is 
afforded by means of cross galleries leading to read 
of dam. 


The earth dam is of rolled fill type with semi-pervi- 
ous and. impervious zones, filters and revetment. At 
the junctions between the earth and masonry dam a 
masonry core wall 35’ long is provided. In order to 
minimise the seepage of water through the junction 
between the original ground-level and the earth dam 
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and the foundation the usual precautions of adopting 
to ensure proper key betwen the embankment and 
a cut off trench and a filter with graded metal in 
rear portion of the dam have been provided. 


The volume of masonry involved in the masonry 
dam is 2. 66 M. cft. and the total quantity of earth- 
work for semipervious and impervious zones of earth- 
dam is 15-33 M. eft. 


There are two canals taking off from either flank of 
the dam, the left side canal one 5’ x6’ canal sluice 
with sill at plus 1557.50 is provided in the masonry 
dam. Similarly for the right side canal one 4’ x6’ 
sluice is provided in the earth dam. The sill level of 
this sluice is 1557.50 and it has a vent 4’ x4’. The dam 
cuts two spring channels one on either side of the 
river sections. Two pipe outlets 16” dia. are provid- 
ed in the masonry dam to allow water for the existing 
garden crops, under the spring channels. 


The length of the left side canal is about 9 miles 
and will be extended by about 2 miles. The total 
ayacut under this canal is about 4500 acres. The right 
side canal runs for about 9 miles and it will irrigate 
about 4500 acres. The canals are designed for 50 duty. 
All works were substantially completed within a period 
of three years. 


The dam is almost completed except for fitting up 
crest gates in 4 spans out of 8 spans. The canals were 
opened for irrigation on 10th November 1957 for the 
first time to irrigate 2700 acres and about 5000 acres 
were thrown open for irrigation during 1958. 


SATHANUR RESERVOIR PROJECT 


The Sathanur Dam is located on the Ponniyar 
river near Sathanur village about 22 miles from Tiru- 
vannamalai in the North Arcot District, Madras. 
The river drains an area of about 4180 sq. miles at 
the dam site. 


Ponniar starts from the sourth eastern slope of the 
Chennakesava hills of Mysore State and flows for 53 
miles and then enters Madras State near Hosur in 
the salem District. After traversing 125 miles from 
the Madras border the river reaches the Sathanur dam 
site. In the remaining lap of 75 miles the river tra- 
verses through the South Arcot District and finally 
enters the sea near Cuddalore town. 


The existing irrigation facilities in the North Arcot 
district comprises offtakes from anicuts across rivers 
like Palar, Cheyyar and Poiney and from minor ani- 
cuts across smaller rivers besides tank irrigation. But 
these systems do not benefit the ryots of Tiruvanna- 
malai and Chengam taluks of the District. The ryots 
of the district have thus for decades been carrying on 
their irrigation precariously reconciling their needs to 
the vagaries of the monsoon. They have had no means 
to help themselves to the water flowing periodically in 
the Ponniar traversing through the district. The 
adjacent taluk of Tirukoilur in the Sourth Arcot Dis- 
trict conld also not boast of any assured irrigation in 


spite of the existing Tiruksilur and Ellis Choultry 
anicuts across Ponniar. The river is too flashy to feed 
the supply channels taking off from the anicuts to a 
practical extent. Several schemes were investigated 
from time to time but no scheme ever reached the 
execution stage owing to several considerations e.g. 
uneconomical return on the outlay. But after the war 
steps were taken to review all schemes under the 
“Grow More Food” drive. The project was again 
investigated in 1948-49. This was quickly followea by 
its sanction for execution at an estimated cost of Rs. 
289 lakhs. 


The margin of the river below the dam is rocky and 
rugged for a considerable distance downstream thus 
rendering direct take off from the reservoir for irrigation 
impracticable. Waters from the reservoir are there- 
fore let down in the river itself and picked up about 4 
miles lower down from above an anicut (about a mile 
upstream of the Olagalapadi causeway acrossthe river). 
Thus the project comprises a Dam to create a storage 
of 4600 M. Cft, a Pick-up Anicut and a Main Canal 
on the left side of the anicut. The total length of the 
dam is 2580 ft. of which the masonry section is 1400 
ft. and 1180 ft is of earth dam. The spillway consists 
of 9 vents of 40’ x 20’ with 9’ thick piers in between. 
Shutters over the crest have not been provided now 
but they will be provided later. The maximum flood 
discharge over the spillway will be about 2 lakhs cusecs 
and that including the surplus over the saddle in the 
right flank will be about 281000 cusecs. At a later date, 
vertical lift gates will be provided over the spillway 
and saddle to raise the F. R. L. by 20.’ 


Masonry dam: 

This is designed as a_ gravity structure 135’ 
above the deep bed of the river and 147’ above 
the deepest foundation level. An R. C. C. bridge 
with 12’ clear roadway will be provided over the spill- 
way. The present F. R. L. is +709 i. e. crest level of 
spillway. The requirements of both existing and new 
irrigation are supplied through 5 river sluices 5’ « 6’ 
with sillat +610.0 The crest of the dam and rear face of 
the spillway have been designed to conform to the 
shape of the nape boundary of the overflowing sheet 
of water for the maximum head of 20’. A Lucket 
with staggered blocks is provided in rear to dissi- 
pate the energy of the overflowing water and the 
design of the bucket has been finalised based on ex- 
periments on models conducted at the Research Sta- 
tion, Poondi. 


The dam is constructed of R. R. in red cement 
mortar. Red cement consists of 4 parts of cement to 
one part of surki by weight. The front face work in 
both spillway and non-spillway sections consists of 
face stones hammer dressed on face and one line chisel 
dressed on bed, top and sides for 3” from face and built 
the courses normal to the face batter. The rear face 
work in non spillway section consists of stone hammer 
dressed on face, sides and bed, with the coarses normal 
to the face batter. The rear face work of spillway 
section, faces of spillway piers, cut waters and abut- 
ments are built of face stones two lines chisel dress- 
ed on face. The hearting is of R. R. work. Lining of 
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A view of the Sathanur Dam 


sluices is of ashlar face work. All archwork is of 
rubble arching. Front impervious face for 9’ width of 
non-spillway section including block containing river 
sluices is of red cement mortar 1:23 Rear portions 
upto level +689 from foundation is of red cement 
mortar 1:4 and above +689 R.C.M. 1:5 is used. For 
spillway section the front impervious face for 9’ width 
is of R. C. W. 1:23 and in the other portions R.C.M. 


1:4 is adopted. 


A drainage gallery 5’ x 74’ runs practically through- 
out the length of the dam at a distance of 15’ from 
the axis of non-overflow and spillway sections with 
its floor level at heights varying from 10’ to 25’ 
above the foundation rock level. A 12” x12’ drain runs 
along the foot of the gallery for leading all seepage 
water entering the gallery into a suitably located sump 
from where it is to be pumped out. 


The earth dam consists of zoned, rolled fill type 
with slopes 23:1 and 3:1, rear slopes of 2:1 and 
24:1 and top width of 20’. A cut off trench is provided 
for sections of more than 1’ height. The front slope is 
revetted with stones and rear slope is turfed and has 
10’ wide berms at 20’ vertical intervals. For effective 
drainage. horizontal and toefilters are provided. 


The volume of masonry involved in the masonry 
dam is 8 M. eft. and the total quantity of earth work 
for semi pervious and impervious zones of earth dam 


is 4. 73 M. cft. 


The length of the Pick-up Anicut is 400’ excluding 
a Bye-wash 30 feet on its right flank, and its maxi- 


mum height above the foundation is 25 ft. It is designed 
to discharge a maximum flood of 2,80,400 cusecs. 
Six scouring vents each of size 5’ x 6’ have been provid- 
ed in the body of the anicut to let down water for 
existing irrigation in the lower reaches of the river. 
The head sluice for the new channel consists of three 
vents each of size 9’ 5’-9” to discharge 400 cusecs. 
The anicut and head sluice involve 3,000 units of 
masonry and concrete. The main canal taking off 
from the Pick-up Anicut on its left flank is 22 miles 
long and irrigate 21,000 acres both in North Arcot 
district (Chengam and Tiruvannamalai Taluks and 
South Arcot District (Tirukoilur taluk). Total length 
of the distributaries in both the districts is about 55 
miles. 


The Sathanur Main Canal runs through deep rock- 
cuts at its mileages 1/0, 4/7 and 9/2, the maximum 
cutting being 40 feet at M1/0. The first 8} miles length 
of the canal is lined with cement concrete, 3” thick, 
in order to save the heavy seepage though subsoil 
full of boulders and porous materials. The previous 
water thus saved is expected to benefit an additional 
extent of 1,000 acres of ayacut. All works were sub- 
stantially completed within a period of three years. 
The Canal was opened for irrigation during 1956-57 
for the first time and an extent of 1,100 acres was 
irrigated. During 1957-58 an area of 3100 acres was 
thrown open for irrgation. During 1958-59 it is propos- 
ed to open the canal to irrigate the entire ayacut of 
21,000 acres. 


VIDUR RESERVOIR PROJECT 
The Vidur Reservcir Project in South Arcot Dis- 
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trict of Madras State, inaugurated in March 1958 is 
intended to serve an area cf 2200 acres in Madras 
State and 1000 acres in Pondicherry State. 


2. The Main river which is formed at the western 
borders of Gingee taiuk traverses through Gingee and 
Tindivanam taluks, before flowing through Pondi- 
cherry State and finally joining the sea near Pondi- 
cherry town. The total length of the river is 49 miles. 
There are ten anicuts across the river, the last two 
being situated in Pondicherry Staie. These anicuts 
and the tributary Tondiar which joins Varahanadhi 
near Vidur village irrigate an extent of 12985 acres 
of which 5930 acres are situated under the last two 
anicuts in Pondicherry State. The river drains an 
area of 728sq. miles at the last anicut (in Pondicherry 
limits). The annual rainfall in the catchment is about 
45”. 


The general food shortage in the country and 
consequent intensive drive on the part of Government 
tc develop irrigation.on as large an area as possible by 
utilising all the availatle river resources to the maxi- 
mum possilbe extent, gave an impetus to investigate 
this scheme. The ryots in the area were also eager to 
have extension of irrigation on new areas. But such 
extension of irrigation under the existing anicuts is 
not possible by direct supply as the normal flow in 
the river do not permit of this. The only solution lay 
in impounding of the flood flows in a reservior and 
using the stored water for irrigation. 


The dam is located across the Varahanadhi about 
half a mile below Tondiar infall and half a mile west 
of Vidur village in Tindivanam taluk. The project 
comprises a dam to store 550 M. Cft. of water and a 
canal at the left flank te irrigate an ayacut of 3200 
acres. The dam is 14,800 ft. long of which the masonry 
portion is 43¢ ft. in the river bed portion and tbe rest 
is of earth dam; (2476 ft. to the left of masonry dam 
and 11,894 ft. to the right of it). The central overflow 
section within the masonry portion of the dam com- 
prises 9 vents of 36’ span with riers 9 ft thick fitted 
with 15 ft. high shutters electrically operated. There 
will be river sluices with sill at +92.00 in the masonry 
section of dam adjacent to spillway to pass down 
supplies to the existing irrigation lower down. The 
spillway together with river sluices will dispose of 
flood discharge of 63,080 cusecs. 


Masonry Dam : 

This will be designed as a gravity dam. Its maxi- 
mum height above river bed will be 36’ and the beight 
above the deepest foundations 54’. The top of dam 
willcarry a 12 ft. roadway. The F. R. L. and M. W. L. 


will be at +124.00 and allowing tor a free board of 
8tt. the top of dam will be kept at + 132.00. The crest 
of spillway will be at +109.00. The crest and rear 
face of spillway will be designed to confcrm to the 
shape of the nappe boundary of the overflowing sheet 
of water for the maximum head of 15’. A bucket with 
staggered block will be provided in rear to dissipate 
the energy of the overflowing water on the results 
of model experiments that are being conducted in the 
Poondi Research Station. 


The bottom 3’ cf dam from foundation will be built 
with R. R.inC. M.1:2 for the full width of the dam 
The next 46 feet of height will be built in R. C. M.1:4 
and rest of masonry to the top of dam in R.C. M.1:5 
The masonry for 6’ from the upstream face will be of 
richer mix of R.C.M. 1:2. To ensure water tightness 
the front face joints will be pointed with C. M. 1:2. 


As the masonry dam is only for a small length in 
the river bed portion new drainage gallery will be 
provided. 


The earthdam will be of rolled filled type with semi- 
pervious and impervious zones, filters and revetment. 
In oraer to minimise the seepage of water through the 
junction between the original G.L. and the earth 
dam and to ensure proper key between the embank- 
ment and the foundation a cut off trench and a filter 
with graded metal in rear portion of the dam will be 
provide. 

A sluice with two vents of 4’ x6’ having their sill 
at +105.11 will be provided in the earthdam on the 
left flank where the dam intercepts an existing channel 
feeding Vidur tank. This will serve as a combined 
sluice for the prcject ayacut and also for the tank 
supply channel. The existing Vidur tank supply 
channel will be improved to carry the supply required 
for the new ayacut also. The canal will be let into 
Vidur tank by means of an inlet regulator and supply 
drawn to the Project ayacut from the tank through an 
outlet regulatcr. The total ayacut under the channel 
will be 4,147 acres i.e. 3200 acres of Project ayacut 
and 947 acres under Vidur tank andits supply channel. 
The canal is designed for 40 duty. The length of the 
canal will be 11 miles 3 furlongs and 40ft. of which 
about 6 furlongs in the last reach will be in Pondi- 
cherry limits. 


The total cost of the Scheme as sanctioned is 67.49 
lakhs which is to be shared between Madras and 
Pondicherry State in the proportion of 11:5. The 
additional annual food production will be about 1420 
tons of rice valued at Rs. 8 lakhs. The project is 
expected to be completed by 1960-61. 
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A. M. Komora: A Tribute 





The sunshine gilded the tawny Panchet Hill with 
gold. The dam site boiled wath activity. Radiating 
energy, the chief engineer was showing me round. 


Panchet Dam is located on the Damodar River, 3 
miles upstream from the confluence of the Barakar 
with the Damodar. A composite earth concrete struc- 
ture, it is 133 feet high above the river bed and its 
length is 18,000 feet. 


“The earth dam,” he spotlighted a basic merit, “was 
constructed 10 feet higher so that a flood of 450,000 
cusecs could be bypassed.” 


Owing to this precaution, a flood of 410,000 cusecs 
on the Damodar, which occurred in the middle of 
September last year, passed almost unnoticed. It 
constitutes a thumping big accomplishment. 


Hired by the Damodar Valley Corporation (DVC), 
this unassuming American, Andrew M. Komora, join- 
ed it as Chief Engineer on December 1, 1950, A graduate 
in engineering from the University of Michigan, he 
had extensive background in such work. 


When the Tennessee Valley Authority (TVA) was 
set up in 1933, he worked as Project Manager on it 
for nearly ten years Prior to his present 4ssignment 
in India, he served the South American Peruvian 
Government as Engineer Director (1943-1949) in Peru. 


Created as an independent agency in 1948, some- 
what along the lines of the TVA, the DVC aims at 
the planned unified development of the entire valley 
in all its aspects, harnessing the waters of the Damo- 
dar River and its tributaries for the purpose of flood 
control, irrigation, power and navigation in the valley. 


“The difficulties of the DVC,’’ Komora once ex- 
plained, ‘‘are infinitely greater than were those of the 
TVA. 


“Practically, all the machinery, both construction 
and permanent equipment, must be purchased from 
abroad. Under existing world conditions it is a sellers’ 
market. Requirements must be anticipated well in 
advance of actual needs. No ready pool of experienced 
construction engineers was available in India.”’ 


A small, grizzled man of implacable elan, Komora 
had to plough through a lot of initial difficulties to 
bring about a marked speed-up in the industrial and 
agricultural face-lift of the Damodar Valley. Des- 
pite the welter of complicating factors, the construc- 
tion of four dams Tilaiya (the first all-concrete dam in 
India), Konar, Maithon, and Panchet—plus the Bokaro 
Thermal Power Station (the largest in all of South- 


By A. K. GANGULY 


East Asia) with three units of 50.000 kilowatts each, 
and the Durgapur Barrage with a network of canals 
commanding nearly a million acres, has been complet- 
ed in a decade. 


In the opinion of Komora, the first five years’ pro- 
gress of the DVC was as good as that of the TVA. 


Harvey Slocum, of the Bhakra-Nangal Project, 
paid a visit to Maithon Dam in April, 1955 to 
review the work at the request of the Corporation. 
His report stated that the overall progress, taking 
all factors into consideration, was good and that 
the quality of the work was above average. 


“Tt is an amazing project, located in the most im- 
portant part of India,” observed General R.A. Wheeler, 
Engineering Adviser to the International Bank of 
Reconstruction and Development (the World Bank). 


These were some of the reasons why the World 
Bank singled out the DVC among other river valley 
projects undertaken in various states of India as an 
a gency deserving of its assistance to offset the shortage 
of foreign exchange. The first loan agreement of 16.7 
million dollars was signed on April 18, 1950. This was 
followed by a second loan amounting to 10.5 million 
dollars in January, 1953. The third 25-million dollar 
loan was advanced in July 1958. 


Under a recent supplementary River Valley Develop- 
ment Project Agreement between India and the U. 8. 


Mr. Komora discussing some technical problems with 
Indian engineers at the Panchet Dam site 
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N May 2nd Lord Lieutenant of Dumfrieshire 
performed the opening ceremony of Chapelcross in 
Scotland which is the first nuclear power station in 
Scotland and second in the United Kingdom. 


Britain’s rapid nuclear power developments—the 
most ambitious and advanced in the world—have 
pushed the completion date of the Chapelcross project 
well ahead of official time schedules. The first of its 
four reactors was already operating last February; 
and when all four reactors are completed in the begin- 
ning of next year, Chapelcross, with a generating 
capacity of 184,000 kilowatts, will feed about 140,000 
kilowatts to Britain’s national electricity system. 


Chapelcross has been built as an exact replica of 
the Calder Hall nuclear power station—the world’s 
first full scale commercial station—in Cumberland, 
England. Like Calder Hall, it is primarily intended 
for the production of plutonium with electricity as 
a by-product. But Calder Hall, which feeds 70,000 
kilowatts into the national electricity grid and which 
has already supplied well over 1,000,000 units, is the 
prototype for the eight nuclear power stations now 
under construction or proposed for the near future 
for the electrical authorities in Britain. These stations, 


High-pressure and Low-pressure Steam Pipes 
leading from No. 1. Reactor to the Turbine Hall 





Chapelcross: Britain’s Second 


arising out of Britain’s 10-year development plan, 
are being designed to increase output to as much as 
800,000 kilowatts in certain cases—and at the same 
time to reduce capital costs. By 1966, when the present 
programme is completed, it is believed thot nuclear 
power will be generating about 25 per cent of 
Britain’s electricity: in 1975, practically all the coun- 
try’s supply will come from th? nuclear power stations. 





From a Disused Airlield to a Nuclear 
Power Station 

Four years ago Chapelcorss was a disused airfield 
which no one expected would ever come to life again. 
In June, 1955, after a review of the defence plans, the 
Cabinet decided that increased supplies of plutonium 
must be contrived quickly. Plutonium, 2 metal which 
does not occur in nature, is made artificially from 
uranium exposed to neutron bombardment inside a 
nuclear reactor. When purified by chemical treatment 
of the spent reactor fuel rods it makes a powerful 


A view of the Chapelcross Nucle 
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Nuclear Power Station 


atomic explosive. In theory it can be used also as a 
nuclear fuel, like uranium, though the practical diffi- 
culties in this project are still unsolved. 


Britain’s original plutonium factory at Windscale 
in Cumberland has now been abandoned. On the 
adjacent Calder Hall site a two-reactor station to 
make electricity and plutonium was begun in 1953. 
The quickest way to step up the plutonium output 
when the need arose in 1955 was to build more re- 
actors of the Calder Hall type—a sound design which 
has formed the basis for subscquent developments 
at Hunterston and elsewhere. 


Another pair of reactors was added to the Calder 
Hall scheme and a rapid search was made for a new 
site. It had to be within reasonable distance of the 
main chemical factory at Windscale for processing 
the used fuel elements. Other requirements were 
ease of access by road and rail, proximity to a sizeable 


Power Station 





town, and good water supplies. Chapelcross was soon 
chosen and work began in the autumn of 1955. No 
objections or public inquiries delayed the start of the 
enterprise. The people of Annan welcomed the new 
comers and the good relations established in the 
early days are still very evident. 


Chapelcross has four reactors, each housed in a 
plainly-designed but brightly-coloured buildings more 
than 100 ft. high. Inside, behind a seven-foot concrete 
shield, is the reactor core—1200 tons of the purest 
graphite in 58,000 interlocking bricks. Channels 
through the graphite hold more than 10,000 fuel rods 
containing in all about 130 tons of uranium metal. 


A reactor has two main products—heat and neutrons. 
The neutrons keep the fission reaction going and some 
of them are captured by uranium atoms to form 
plutonium. The heat is removed by a stream of carbon 
dioxide gas blown over the fuel rods at the rate of a 
ton a minute. The coolant gas circulates continuously 
and, except for a trifling leakage, none of it is dis- 
charged into the air. Consequently there is no danger 
of a Windscale-type accident with clouds of radio- 
active fission products escaping through a chimney. 


View of the Charge Floor of No. 1. Reactor. The 
charge and discharge machines for loading and 
unloading the fuel elements can be seen. 
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Heat Exchangers 

The carbon dioxide passes from the reactor into 
heat exchangers clustered round the outside of the 
building, where their vivid pipe work adds another 
splash of colour. The heat exchangers are really 
boilers. The steam that they make goes into the tur- 
bine hall where eight turbo-alternators, each of 
capacity 23 megawatts, are being installed. 


The electricity control room, linked with the South 
of Scotland Electricity Board’s headquarters at 
Broomhill Drive in Glasgow, handling about 46 mega- 
watts of electrical output. Part cf it is used to supply 
the considerable needs of the Chapelcross station, 
but more than half goes intc the grid, some in the 
direction of Dumfries and some to Galashiels. 





General view of the dump coudensers and No. 1 
turbine 


After a reactor has been running for several months 
it will be shut down so that the fuel rods may be chang- 
ed. The spent rods are removed in a heavily shielded 
container, carried by rail to the end of the reactor 
avenue, loaded into metal baskets, and gently lowered 
to the bottom of an 18 ft. pool of water. After a 
further few months, when their induced radio- 
activity has decayed sufficiently, the uranium cart- 
ridges will be fished up again, loaded into protective 
boxes and sent to Windscale the plutonium goes to 
the weapon factories and the reclaimed uranium is 
returned to Springfields in Lancashire, where new 
fuel elements are prepared. 


As a power station, Chapelcross is not very big. Its 
eventual output of 140 megawatts will be exceeded 
by places like Hunterston and even more so by the 
large coal-fired stations now being built in England. 
Much of the potential electrical capacity has, however, 
been sacrificed to obtain plutonium in quantity. 
From this point of view, Chapeleross has a vital part 
in the defence programme. 








ah 
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Technicians at work in the Pile Control Room 
of No, 1. Reactor 


The building and commissioning of the station 
has gone very smoothly. The first reactor and the 
associated electrical plant were put into service 
without any serious difficulties, and the rest of the 
work is well advanced. The technical excellence of 
the prcject is not, however, the outstanding teature 
of the place. Its most striking characteristic is the 
cheerful confident atmosphere to be found everywhere 
in the 50-acre site. These two things are not unrelated. 
The building programme went well because everyone 
concerned with its planning and erection knew his 
job and enjoyed doing it. 


The Chapelcross works are passing gradually into 
the hands of the Atomic Energy Authority’s staff—a 
team of highly trained young experts, eager for their 
great task. 


General view of the long blower house of 
No. 1. Reactor. 
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Nuclear power for Britain by A.E.I|. 


SUNVIC CONTROLS LIMITED (An 
A.E.1. Company) are undertaking (on 
behalf of the A.E.l—John Thompson 
Nuclear Energy Company) the design 
and supply of the reactor and heat- 
exchanger instrumentation and of the 
gas-activity monitoring equipment, for 
the first commercial nuclear power 
station in the world. This power station 
is now under construction at Berkeley in 


@ and 2 Two reactors are contained in cylindrical 
pressure vessels SO ft. diameter and three inches 
thick. The nett output of these reactors will be 
three times that expected at Calder Hall. 


3 Steam Raising Plant The heat exchangers, which 
will be built by the John Thompson Company, will 
produce super heated steam at two distinct pres- 
sures, each bank of boilers feeding dual turbo-alter- 
mator sets. 


4 The Turbine Hall The one central turbine hall will 
contain four Metropolitan Vickers’ turbo-alternator 
sets, operating at lower steam temperature and pres- 
sure than is usual in more orthodox power stations. 


Gloucestershire. SUNVIC CONTROLS 
LIMITED are also engaged in instrumen- 
tation for the three Research Reactors 
for Associated Electrical Industries 
Limited, the Atomic Weapons Research 
Establishment, and the Government of 
West Germany. The Company are also 
experienced in other process control 
fields—notably in the oil and chemical 
industries. 











Represented in India by 


Associated Electrical Industries (India) Private Ltd. 


Head Office : Crown House, 6 Mission Row, Calcutta. 
Bronches ot : BOMBAY NEW DELH! MADRAS BANGALORE COIMBATORE NAGPORE 
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Special Issue of 


Journal of Mines, Metals 
& Fuels 


on 


COAL CARBONIZATION 


[carrying 67 papers by eminent technologists, 
which were read ata symposium organised by the 
Central Fuel Research Institute, Dhanbad, in 
March 1957. More than 400 pages with profuse 


illustrations. | 


Price: Rs. 20/- 


To be published soon 


Book your orders ncw with : 


The Manager, 
BOOKS & JOURNALS PRIVATE LTD. 
6/2, Madan Street, Calcutta-13. 
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INDIAN JOURNAL OF POWER & 


RIVER VALLEY DEVELOPMENT 
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POWER DEVELOPMENT IN INDIA—an 
authoritative reference publication covering all 
aspects of electrical & thermal power develop- 
ment in India. 


Contributors include : 


Dr. A. N. Khosla, M.P., Vice-Chancellor, Roorkee 
University : M. Hayath, Member, Electricity, 
CW & PC; Dr. A. Lahiri, Directer, Fuel Research 
Institute; S. S. Kumar, Member, Utilisation, 
CW & PC; V. P. Appadurai, Chief Engineer, 
Electricity, Madras; Dr. M. Dutta, Chief Engineer, 
Electricity, West Bengal; S. A. Quader, Chief 
Engineer, Electricity, Andhra; G. S. Mathur, 
Additional Chief Engineer, Electricity, U. P.; 
P. R. Sundaram, Dy. Chief Engineer, Electricity, 
Bihar; T. C. Mahapatra, 
Engineer, Engincering Circle, Orissa. 


Superintending 


PRICE: RS. 7/50 


Place your orders with : 
The Manager 
BOOKS & JOURNALS PRIVATE LTD. 


6/2, MADAN STREET, CALCUTTA-I3 








Glimpses of 
Water-Conservancy in China—l 








Exchange of student scholars between our two 
countries, especially in the technical field of water 
conservancy, started in the year 1956. As a result, 
the first batch of 3 Chinese student-scholers in this 
field, came to India and spent a period of 12 months, 
going round our various big water conservancy pro- 
jects, such as, Bhakra, D.V.C., Hirakud, etc. etc. 


As a counterpart and as the first batch, I reached 
China during the month of May of 1957, to spend a 
period ‘of about 12 months there. My destination in 
China was the “Department of Technical Co-operation” 
with foreign countries, of the Ministry of Water-Con- 
servancy, at Peking. On my arrival at Peking, by 
train from Hongkong, I was received very cordially 
at the Peking Railway Station by the officials of the 
Water-Conservancy Ministry. Leaving Calcutta on 
the 28th of March, 1957, by sea, I reached Hongkong 
on the 24th of April and then by train from there, 
reached Peking on the 30th. of April, 1957 exactly 32 
days after my leaving India. 


Hence, to give me a little rest and also to make me 
acclimatised to Peking, for the first 3-4 days, sight- 
seeing programmes were arranged. 


For this batch, I was the only one from India. Later 
on I learnt that from Viet-Nam, some scholars had 
come earlier than me. Soon afterwards, the complete 
programme of my one year’s stay in China was arrang- 
ed by Mr Kao Ching-ying, the Director of the Techni- 
cal Co-operation Department, even though, at that 
time, he was very busy, in connection with his forth- 
coming inspection tour of European countries. 


Long before my going to China, I was anxious 
to see the water-conservancy works completed and 
under execution in China, especially in the field of 
flood-control. Asa prelude to this, at the International 
Industries Fair held in New Delhi during 1955, in the 
Chinese Pavilion, I had seen some of the big chartsand 
maps displayed there, showing the flood control works, 
done along the Yellow river, known as “‘China’s River 
of Sorrow’, for its serious floods and notorious course 
changings. So, as soon as I came to know that I was 
to go to China, to see the very same works personally, 
my curiosity increased still more. 


Spurt of activity 
On going round the places in China, one can see 
considerable activity going on in the field of socialist 
reconstruction, i.e. big construction works going on 
in almost all the fields of development. Belonging to 
the field of water conservancy, I interested myself 
much in this particular fields. 


By S. SESHADRI 


Water-conservancy, being a broad term, may 
include all branches, such as Hydraulic Engineering 
works, Dam projects, Irrigation and drainage works 
and even water and soil conservation also. Extensive 
works have been completed and under execution in 
all the fields. An idea of the extensive work can easily 
be had after going round the various works that are 
being executed by the different river commissions, 
such as, The Yellow River Commission, The Hvai 
River Commission, The Yangtze River Commission, 
comprising the three big river systems which by 
themselves form about 60% of China’s river systems. 


Water and Land Plans 

Nowadays, the slogan for river basin development 
seems to be to “Develop the river basin as a whole, 
irrespective of the provincial or administrative 
borders”. This seemsjto be a very good way of 
developing and exploiting the water resources of any 
river system, advantageously and economically, to 
secure the maximum benefit, may be in the form of 
hydro-power, or flood control or irrigation or naviga- 
tion or water supply or even drainage too. 


As a result of the above, at present there are 3 big 
River Commissions, working out the plans for whcle 
river basins, as can be seen from the Multipurpose 
plan for the Yellow-River basin of 1954, Multipurpose 
plan for the Hvai-River basin of 1957. 


The river-basin plan, is not only a plan for utili- 
sing its water resources to the maximum but also aims 
at utilising the land resources fully so that the result- 
ing plans are not merely “‘water plans” but are “water 
and land plans” as they may be precisely called. 


This idea will be quite evident by locking into some 
of the broad contents of the recent “Hai River basin 
and water and land plan” of 1957. The plan aims at: 


(1) Basic conditions and main objects of basin 
planning. 
(2) Main considerations in Basin planning: 
(a) planning for flood control 


(b) “# prevention of internal 
inundation 

(c) ¥3 % irrigation 

(d) 9 ” navigation 

(e) ” * water power 

(f) ” ” water and soil 


conservation 
(y) Distribution of the available amount of 
water, during the first stage of basin develop- 
ment. 
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(3) Reckoning of projects in the first stage 
(4) Benefits from the projects in the first stage. 


The period stipulated for the first stage is 15 years 
from 1958 to 1972. 


The catchment area of Hairiver system is 270,000 
square kilometers and includes 5 main rivers with their 
many tributaries: 


Y 


~“ 


Name atchment area 


Chang-wei river 33,600 KM? The Hai river plan 
Zia river 25,700 KM? benefits the 5 provin- 
Taching river 39,600 KM? ces of Hopei, Honan, 
Yungting river 48,040 KM? Shansi, Shantung and 
Chao-pai river 37,600 KM? the Inner Mongolian 

autonomous rrovince. 


Similarly, the comprehensive multipurpose “water 
and land plan’ formed in 1954 fer developing and 
explciting Yellow river basin, envisages in its first 
stage, ending in 1967, the construction cf : 


(1) Two big multipurpcse projects at Sanmen 
Gorge and Livja Gcrge on the main course cf 
the river 


(2, Three other reservoirs, on the main river, for 
irrigation, with their attended canal systems 


(3; Ten reservoirs for flood control and irrigation cn 
the main tributaries, such as, Tee river, Lo 
river, Fen river and Wuting river 


(4) Reising the dyke system in the lower reach of 
main river and building of flood detention basins 
and flood retarding areas 


(5) Extensive water and soil conservation works, 
at a proposed investment of 5324 million yuans 
(roughly, Rs. 1064 crores). 


As part of the above, work on the multipurpose 
Sanmen Gorge project has already been started during 
April 1957 and the others are in the stage of designs, 
etc. 


Length of Yellow River is 4845 KM (300 miles) and 
the catchment area is 745,000 square kilometres. 


Also collection of hydrological data and other preli- 
minary works and investigations fcr the basin planning 
of the big Yangtze river, of length 5530 KM (3420 
miles) and of catchment area 1.8 million KM? (.7 million 
sq. miles) are actively underway. 


Plans, like the above, mainly include the construc- 
tion of a number of hydraulic structures, each of which 
can form a separate prcject by itself, but is only a 
small part, considering the basin plan as a whole, such 
as 

(1) Flood control, may include works like reservoirs, 

detention basins, dykes, flood retarding areas, 
diversion dams, etc. 


(2) Internal inundation prevention works may 
include new drainage canals, dredging of river 
channels, tidal gates and check gates, etc. 


(3) Irrigation may include canal and allied struc- 
tures, setting up of irrigation experimental 
research stations, lift irrigation facilities, ete. 


(4) Navigation may have works like dred sing of 
rivers, canal locks and gates. 


(5) Waterpower may include Giant Dams and 
Power Houses, ete 


(6) Water and Soil Conservation may have works 
like check dams, soil saving dams and golly 
dams, even works like afforestation and tree- 
planting. improved agriculture techniques and 
pasture growing, etc. 

(7) Lastly the “Distribution of available water 
supplies” calls for a combined action and co- 
operation of various concerned departments like 


Irrigation 

Power Supply 
Water Supply 
Forests 

Agriculture. etc. etc. 


Thus, it can be seen that a comprehensive and multi- 
purpose ‘“‘water and land plan” like this, is a good 
method of developing and exploiting both the water 
and lana resources of a river basin, taking into account 
the interests and benefits of the various concerned 
departments and ultimately helps in the overall 
development of the area concerned, tending finally 
tothe Development of National Economy asa whole, 
in the form of increased agricultural production, etc. 


Some of the water plans for our river systems in 
India may be done on similar lines. 


After a “Water and land plan” has been formed by 
doing thorough surveys, investigations and studies, of 
the entire basin, irrespective of any provincial boundar- 
ies and demarcations, then, as per the priority and 
urgent necessity, any work can be taken up for fur- 
ther detailed designs and execution, forming a sepa- 
rate project by itself, but fitting in the framework of 
the whole multipurpose “water and land plan’. 


This is the present day trend and nature of river 
development in China and the consequent projects 
or water-conservancy works, as may be broadly 
named. 


Of the main branches of water-conservancy works, 
we can see as below: 


Flood-Control Works 
China has had a long experience in the field of flood 
control especially the Yellow River area, has a long 
history of floods dating back to hundreds of years. 
Pioneering work has been done since long to control 
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the notorious floods of the Yellow River area. As per 
historical records, it is said that one King Yui was 
the first to control the floods of the Yellow River, 
substantially about 3000 years ago. Later on history 
records that many times attempts were made in the 
past to checck the floods of this treacherousriver. Now- 
adays, modern flood control includes a variety of works 
such as reservoirs, flood embankments or dykes, diver- 
sion sluices, flood by-passes, detention basins and 
last but not the least, efficient water and soil conser- 
vation. 


Yellow river is 4845 kilometres long having a drain- 
age area of 745,000 square kilometres. The average 
annual rainfall over the basin is from 400 to 600 m.m. 
The maximum observed flood discharge during 1933 
was 22,000 cubic metres per second (7,70,000 cusecs). 
The flood discharge for such a big drainage area may 
appear small, but when we look at the amount of silt 
carried by this river, it is the largest in the world. The 
average annual silt content is 34 kilogrammes/cubic 
metre and it seems that the heaviest load carried by 
the river, reached the figure of 500 k.g./ecubic metre 
also. The average annual silt discharge is estimated 
at 1380 million tons. Due to the heavy deposition of 
this huge amount of silt, in the lower reaches cf the 
river where the velocity of flow is very less, the river 
bed in the whole of the lower reach of about 700 kilo- 
metres is higher than the ground, thus making this 
an “Elevated River’’. 


As a result, the entire lower reach is contained be- 
tween the artificial embankments (dykes) of earth 
along both banks of the river. So during the flood 
season, whenever these are exceptional floods, beyond 
the holding power of the dykes, dyke breaches occur 
and so the consequent floods and the course changings 
result. It seems, during the past, there occured 26 
serious course changes, of this river and about 1500 
times of dyke breaches and large inundations. Also 
the river has got its name “Yellow River’ just 
because the water is always very muddy due to the 
heavy silt content. Based on this, there is an old 
Chinese saying: “If one gets into the Yellow River, 
he will never get clean again’. Also in the whole 
length of 700 kilometres of lower reach, there is no 
tributary at all. 


The most interesting part of the whole feature is 
that the main instrument or method used to counter- 
act the floods is the simple flood embankments along 
both banks of this river and I learnt that this is so 
in the case of otber rivers also; for, along most of 
China’s rivers, flood embankments are built such as 
the Hvai, Hai, Sungariand even along the big Yangtze 
River, whose maximum flood discharge reaches up 
to 80,000 cubic metres per second. Along the Yellow 
river itself, about 1500 kilometres of dykes have been 
built and at places, the height is up to 8 metres. 


But the important part of the work thatis done is 
the careful maintenance and management cf the dykes. 
The dykes being old had become very weak, sith 
hollows inside, due to long years cf neglect. Extensive 
repairs were done and the dykes were both raised and 
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improved. They are repaired and maintained each 
year after the floods are over, just as the maintenance 
work done for the roads, by the P. W. D. in India. 
The dykes are divided into regular seetions and a 
maintenance group is there for each section, stationed 
right near the dyke itself. Not only this, but also 
during the flood season, a 24 hour watch is kept of 
the dykes, so as to attend to any emergent repairs and 
to see that the flood waters do not break the dyke at 
any place. The dykes are mainly of earth and at 
all places, where it is in contact with water always, 
the inside face is stone pitched, up to the expected high 
water level. To give an idea, during the last 10 years, 
about 130 million cubic metres of earth work and 2.3 
million cubic metres cf stone work have been done, 
in addition to filling up innumerable holes and cavities 
inside the dykes. 


As an invaluable aid to the dyke maintenance work 
and to be akle to know, in advance, the intensity of 
flood, an accurate work of “flood forecasting” is 
done each year. Many rain guage stations and gaug- 
ing stations have been established along the whole 
length of the river and at representative points in the 
catchment area. With the help of the data, regarding 
rainfall and discharge, supplied by these stations, a 
fairly accurate flood forecasting is done each year at 
the Central Office of the Yellow River Commission at 
Chengchow which is situated very close to the right 
bank of the river. By this forecasting work, it has 
been possible to roughly predict the flood condition 
at any place along the river, at leastabout 24 hours in 
advance of the flood, actually reaching that parti- 
cular place. 


This forecasting work is of great advantage in the 
using of the flood detention basins and flood retarding 
areas established along the river. The flood detention 
basins and retarding areas are natural low lands along 
the river course. They are enclosed by building 
earthen dykes around them. During normal flood years, 
the land inside these, are cultivated. In these areas 
villages also exist, but they are surrounded by pro- 
tective dykes built around them. During high flood 
years, when there may be chances of the flood over flow- 
ing and destroying the main dykes along the river, the 
excess flood waters are allowed into and stored in the 
detention basins or diverted into the retarding areas, 

+ so as to prevent the danger to the dykes. The flood 
waters are allowed, through the spillways or diversion 
gates, controlling the entrance to the basins or retarding 
areas, built at proper places. In case, there are no 
controlling structures, flood waters are allowed by 
breaking open the main river dykes at previously de- 
termined places. 


The ‘Shishtouchang flood retarding area’ along 
the Yellow river is controlled at its entrance by a 
concrete spillway 1500 metres long which can divert 
about 5000 cubic metres of flood water when required. 


Similarly the “Chinkiang flood detention basin”’ 
in the middle reaches of Yangtze river is controlled 
at its entrance by a huge flood diversion gate, 1054 
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metres long, composed of 54 spans, each having a 
radial type gate of 18 metres by 4 metres, capable of 
diverting 8000 cubic metres/second of Yangtze river 
flood waters when required. The area of the detention 
basin is 1000 square kilometres. 


Along the Hvai river, two flood diversion gates have 
been built, being : 


(a) The Inhochi regulator 179 metres long, capable 
of diverting 300 cubic metres and 


(b) The Sanho regulator, capable of diverting 
8000 cubic metres. 


During 1954, to counteract the bigh floods in both 
Yellow and Yangtze rivers, detention basins were 
used, without which dyke breaches would have 
occured. 


Thus, in using the detention basins and retarding 
areas, the work of flood forecasting is very useful. 
By being able to know the flood condition i.e. the 
intensity and duration of flood, the necessity to use or 
not, the detention basins or the flood retarding areas 
can be decided. 


As an interim measure, prior to the construction of 
big flood control reservoirs which may take a long time 
and also involve huge expenditure, the method of flood 
embankments, detention basins and retarding areas 
is quite effective to counteract and control floods. 


The important thing is that, during flood season. the 
dykes should be clcsely watched which means that a 
large number of men and materials, should be at hand 
to meet any emergent situation. 


As far as men are concerned, this is done by voluntary 
labour by the peasants, who live in villages close by to 
and along the dykes, on both banks. Organising work 
of extra labour, is done combinedly by the Commission 
and the concerned District and County authorities, 
with the co-operation of the Village Co-operatives. So, 
during the flood season, the peasants ot the villages, 
living within adistance of about 5 miles from the dy kes, 
along both the banks, are organised, to keep 2 watch 


over the dykes, so as to be able to meet with any - 


emergent situation, at any place. For easily providing 
any amount of extra labour, the Village Co-operatives 
are very helpful, which is an indirect advantage of 
the system of organising Co-operative in villages. In 
this manner, the problem of extra labour is very 
easily solved. To give an idea, each year, the number 
of peasants who watch the dykes during floods, 
easily runs into several thousands. 


Then, coming to the point of materials, all along 
the dykes and mostly on the top of the dykes them- 
selves, whose top wicth is usually not less than 10 
metres, plenty of stocks of useful materials like stones, 
earth, facin, branches of trees, etc. are kept always 
ready at hand, so that in case of emergency, they 
could be used. 


In addition to the above, the dyke maintenance 
sections, which have a permanent compliment of 
skilled labour are situated very close to the proximity 
of the dykes and guide all the works during the flood 
season. The sections have got well equipped stores, 
having all the materials to cope up with any emergency, 
such as, gunny bags, canvass, wooden stakes, ropes, 
lanterns and even life-belts. Of course, during low 
water season, regular maintenance work is done for 
the dykes. 


Still at some other places, buge flood diversion gates 
or regulators or ‘“‘movable dams’’ as they may be 
called, are built across and along the rivers, so as to 
divert the excess flood waters tc large artificially 
excavated canals or “Diversion rivers’, which carry 
the flood waters either directly to sea or to adjoining 
rivers i.e. the phenomena of interconnecting two 
adjoining rivers, so as tc divert the extra flow cf one 
river to the adjacent river, of a comparatively large 
carrying capacity. Works like these are done in Hvai 
and Hai river hasins. 


As a part of flood contrcl works, long lengths of sea- 
dykes have been built, especially in the coastal = 
vinces of Shantung, Chiangsu, Chekiang and Fuchein 
and also tidal gates across the mouths of many rivers. 
These works notonly help in preventing the sea 
water from getting into inland but also belp in the 
contrclled drainage of rivers, especially during the 
period of high tides in the sea. 


Now, as a permanent measure, a big multipurpose 
project has been started on the Yellowriver. A straight- 
gravity type concrete dam, 10 nietres in height, is 
being built at Sanmen-Gorge. This dam is mainly 
meant for flooa control and controls an area of 645,000 
KMz?, out of the total drainage area of 745,000 KM? 
of the Yellow river. In addition to flood control. 
about | million K.W. of Hydro-power is also envisaged 
by this project. The work has been started during 
April 1957. 


At the hydraulic research laboratories of the Yellow 
river Commission at Chengchow, interesting experi- 
ments are being done to study the behaviour of river 
regime in connection with flood control. 


In this connection, I saw an experiment being done 
by using the “Glass Fume”’ method, to study the silt 
carrying capacity of water by using muddy water, 
instead of clear water. As an aid to this, there is an 
interesting method being followed, for separating the 
fine silt into component groups, based up on its particle 
sizes. This, I learnt, is based on Russian techniques. 


The method consists in pumping muddy water 
containing the fine silt, from below, at 2 constant rate. 
through the narrow end of an upright metallic cone 
of galvanised iron sheet. Because the water passes 
from a smaller area to a gradually bigger area of the 
upright cone, the upward velocity of water is different, 
at different sections of the cone. The velocity at any 
section can be determined, because we know the area 
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of the section and the discharge passing through. 
Then, the silt content of the water is made up of vari- 
ous particle sizes based. upon which, each size range of 
the particles has got 2 definite settling velocity as per 

“Stoke’s law”. In this experiment, the settling veloci- 
ties of silt are just opposite to the upward. velocities 
of water. As a result, the silt particles of different size 
range, remain suspended. at different points at which 
the upward velocity of water is just equal to the down- 
ward settling velocity of silt particles, as such, even 
though water is continuously flowing out from the top 
of the cone, the silt particles remain suspended at the 
respective sections of the cones based up on their 
sizes. Along with the out-flowing water, only that 
size group of silt flows out, whose settling velocity is 
just equal to or a little less than the upward velocity 
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of water at the top of the cone, prior to its flowing out. 
So the upward velocity of water can be adjusted, by 
adjusting the rate of pumping from the bottom, so 
as to have a different value of velocity at the top, 
each time. After these adjustments, each time we can 
collect the outflowing water at the top of the cone. 
Then by the laboratory analyses of each time’s collec - 
tion, using the method of “Hydrometer analysis”, 
we can find out the definite size range of the silt parti- 
cles. Thus, by this method, we can easily separate 
the fine silt into its different particle size groups. 
Further, for the experiments using muddy water, as 
already said above, these separated silt samples are 
made use of. 


(T'o be concluded) 
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[Continued from page 19 


A. M. Komora: A Tribute 


Techical Co-operation Mission, the DVC will also 
receive a loan of Rs. 113.9 million to provide irrigation 
facilities for additional food production, control of 
floods and the generation of hydro-electric power. 


It is mainly through Komora’s leadership that a 
group of young Indian engineers has been made into 
a smooth working team, “As of today the construc- 
tion organization at Panchet is equal to that of any in 
the world,” he said. 


Komora has added greatly to his credit by being 
modest about his own contribution to the DVC pro- 
ject. Asked about the Indian engineers, in whom he 
infused the confidence to meet a new challenge, he 
observed: “I am very proud of my colleagues.” He 
added: “It would be wise for the Government to 
transfer this group, intact in so far as possible, on toa 


New Pressure Containers 


Alfred Bullows & Sons Ltd., Long Street, Walsall, 
have introduced two new centre top outlet pressure 
containers, specially designed for use with liquid 
polishing compounds and similar heavy materials. 


These containers, which replace the conventional 
bottém outlet types, have been given the numbers 
L. 1005H and L. 1010H and have capacities of 5 and 
10 gallons respectively. 


Shells are constructed from mild steel boiler quality 
plate with dished and flanged ends and are electrically 
welded throughout. Covers are high tensile alumini- 
um alloy castings and are fitted with quick action 
filler caps. 


In common with all Bullows pressure containers, 
they are built to B. 8. S. 1101/1943 for a maximum 
working pressure of 50 Ib. per sq. in. and are hydrauli- 
cally tested to 100 lb per sq. in. 


Ram plates are fitted on both models as standard 
equipment. Agitator gear has been omitted since it is 
usually undesirable to stir the types of materials for 
which these containers would be used. Both units 
incorporate %” O. D. straight through feed pipes 
which have no bends or obstructions to impair the 
flow of material and discharge is from the centre of 
the container head. An outlet of 14” diameter is 
available as an alternative. 


Outlet valves are not considered necessary when 
liquid polishing compounds are used, but if required 
for use with less viscous materials they are available 
at extra cost. 


The price of the L. 1005H is £27/10/0 and the L. 
101QE. costs £28/10/0, both prices plus 20%. Delivery 
of both units is at present 2 to 3 weeks. 


new project. A certain price has been paid for training 
the men to do their various jobs. This training would 
pay dividends on another similar project.” 


The time for his retirement has at last rolled around. 
He left Maithon of April 30 this year for leisurely 
trip to the United States. 


Appreciating his valuable work in India, Prime 
Minister Nehru recently bade him good-bye in person. 


By all the criteria of the usual history books, a man 
whose metier is engineering may not count much. 
Without a trace of fanfare, he has helped the DVC 
move ahead, concentrating most of his efforts on the 
four dams. He has, in short, helped to transform a 
valley of death and destruction into a valley of peace 


and prosperity. 


Important Contract Won 


C. A. Parsons & Co. Ltd. of Newcastle upon Tyne 
have received an important contract from the Ten- 
nessee Valley Authority of America. 

This contract, the value of which is approximately 
12,000,000 dollars, calls for the supply of a 500 MW 
turbogenerator to be installed at the T.V.A.’s Colbert 
Power Station. 

The machine will be a cross-compound unit compris- 
ing two lines of turbiries each driving a hydrogen and 
liquid-cooled generator at a speed of 3,600 r. p. m., 
and operating with steam at a pressure of 2,400 lbs./ 
sq. in., 1,050°F temperature, with reheating to 
1,000°F. 

Each line of the machine will comprise three tur- 
bines, all of the double-flow type. One line will consist 
of a high-pressure turbine and two low-pressure 
turbines, while the second will comprise an 
intermediate-pressure turbine and a further two 
low-pressure turbines. 

Due to the high steam conditions, a double-casing 
design will be employed on both the high-pressure and 
intermediate-pressure cylinders. 

All the turbine shafts will be rigidly coupled inclu- 
ding the couplings to the rotors of the generators. 

The generators themselves will have a rating of 250 
MW, 0.9 P. F., 24,000 volts, generating ata frequency 
of 60 cycles. 

They will be of hydrogen and liquid-cooled design, 
using rotors of the direct gas-cooled type operating 
in hydrogen at a pressure of 45 lbs./sq. in. The stator 
winding will be cooled by liquid circulating through 
hollow stator conductors. 

With this latest order for a 500 MW machine the 
world-wide reputation of Parsons as manufactures of 
large turbo-generators has been further enhanced. 
Apart from the 550 MW unit for the central Electri- 
city Generating Board’s station at Thorpe Marsh 
which Parsons are also building, there are no bigger 
units made or projected in the world today. 














Technical Notes & News 


SULPHUR HEXAFLUORIDE AS A NEW 
INSULATING MEDIUM 


Sulphur Hexaflouride (SF,) is being considered as 
a new insulating medium for transformers and an 
interrupting medium for switchgear. Experimental 
work has been carried out in Europe and USA on the 
above applications with successful results. 


Transformers: Tests with a 7500 kVA transformer 
showed excellent heat transfer qualities combined with 
safety against fire hazards. Whereas in natural oil 
cooling a temperature difference of 15°C above the 
ambient is possible, the temp. difference in the case of 
hexafluoride and other vapour coolers is 3°C and less. 
Experience with 10,000 kVA transformer required the 
hexafluoride at I5psig. and 25°C. The cooling was 
obtained by forced circulation of gas through the core 
and coils. A two stage evaporative cooler was installed 
at a distance away from the transformer. The weight 
of the gas insulated transformer is 70% of a compar- 
able self-cooled oil insulated type. The vibration was 
less, about 8 db less than the standard fan-cooled type. 
With suitable relief diaphragms, the danger of rupture 
under heavy electric arcs is eliminated. 


Switchgear: Sulphur hexafluoride has been used as 
a quenching medium in circuit breakers and switches, 
with special qualities of inertness, high dielectric 
strength and good arc quenching properties. The 
density is 5 times that of air, and the dielectric strength 
at 30psig. is equal to that of good insulating oil and 
three to five times that of air at higher psig. The 
current interruption quality is 100 times that of air. 
The gas has been used as in an air blast breaker with 
less noise quality. The volume of the gas is about the 
same as that in low oil content breakers. The gas can 
be liquefied and stored at its vapour pressure (vapour 
pressure is 330 psig @ 75°F.). The cost of SF, at 30 
psig is comparable to that of oil. The volume is such 
that 250 cuft at 1 atmosphere is equal to 100 Ibs of 
the gas. But under pressure of 330 psig., 100 Ibs can 
be contained in a 1.5 cu ft steel cylinder. 

In the experimental switchgear, the gas was blown 
across the arc and found to have 100 times better 
current interrupting capacity than air and promises 
to be a very efficient interrupting medium. 


(Dr.) B. K. R. PRASAD 


RADIO FREQUENCY HEATING IN INDUSTRY 


Electric heating has been used for melting metals, 
annealing and hardening steels, softening plastics, cur- 
ing synthetic resin glues. Drying paint finishes and 
for many other processes. The methods involve the 
transference of heat from the source at a high tem- 
perature to the article to be heated, or by generating 
the heat in the article itself, the source energy being 
not at a high temperature. The heating is effected by 
conduction, convection and radiation or by a combina- 
tion. Resistance heating is used for soldering, forging 
by transferring heat by conduction. But in the process 
of generating the heat in the article itself, high 
frequency currents are used, at 100Kc/s or 100Mc/s, 
which are in the radio frequency range. For conduc- 
tors, eddy current or induction heating is used, and 
for non-conductors die-electric heating is used. The 
process of generation of these high frequency currents 
is by means of spark gaps, oscillators, or alternators. 
The spark gap circuit is used for frequencies 20Kc/s 
to 200Kc/s up to 35kW with an efficiency of 50%. 
This method is not used very widely. Oscillators are 
applicable to very high frequencies, say 100Mc/s 
with capacities up to 200kW. The voltage will be up 
_ to 12000 and efficiency 60%. Alternators are used up 


to 15000Kc/s and several 100kW with voltages up to 
1500. 


The die-electric heating is done by keeping the 
materials between the metal plates which are con- 
nected to the source of power supply. In the induction 
heating, the material is heated inside an induction coil. 
In the case of di-electric heating, the heat is trans- 
ferred from the electrodes to the material, the rate of 
heating depending upon the voltage, frequency and 
electrical property of the material. The higher the 
voltage and the frequency, the rapid the heating. The 
electrodes are cooled, but the material can be heated 
at the rate of 100°C/min. The usual temperature for 
the processing is about 80°C—200°C.The voltage 
gradient across the material is about 3000 volts/cm. 
and the total between the electrodes is 10000 volts. 
Too high a voltage or too high a frequency are not 
desirable. Di-electric heating is a method of achieving 
rapid through heating of thick sections of material of 
low thermal conductivity. It is used also for selective 
heating of assemblies of different di-electric materials. 

Induction Heating: Electrical conducting materials 
like steel, brass or graphite are heated by the current 
induced in them when placed inside a coil carrying 
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high frequency current, the highest current is induced 
at the surface and decreases with the depth inside. 
The heat therefore reaches the inside by thermal con- 
duction, the depth decreasing with the frequency. At 
4Mc/s the depth is only a few thousandth of an inch. 
The heating effect increases with the magnitude and 
frequency of current in the coil and with the resistance 
and permeability of the material being heated. Steel 
heats more than brass and both heat more than 
copper. The skin effect makes the current flow on the 
surface of the heating coil. Hence foils or tubes are 
generally used. Copper tubes are used as the heating 
effect is a minimum. Usually, the tubes are cooled 
with water. Frequencies used are from 400Kc/s to 
5Mc/s. Different heating effects can be obtained by 
changing the rate and time of heating. The induction 
heating requires about 20Kw/sq. inch, the heating 
time being a few seconds or minutes, depending upon 
power density and tempetfature. Temperatures of 
900°C may be easily reached in a second. Higher 
power density gives a steep temperature gradient. 
Lower power density is used for thermal conduction 
inside the body. Rapid heating is used for electrically 
conducting materials, the power transfer being 
10kW/sq. ft. For non-conducting materials, it is about 
250W /sq. ft. Convection and radiation are also appli- 
cable in induction heating and is improved by higher 
velocity of the air. Convection is used for tempera- 
ture below 300°C, Radiation is applicable in special 
cases, heat being absorbed near the surface and reach- 
ing the inside by conduction. 


Whereas the dielectric heating is used up to 300°C, 
the temperatures of 2500°C can be reached by induc- 
tion heating. The application of dielectric heating is 
in the plastic industry, with an output of 1 or 2kW 
at 15 or 20Mc/s. About 3/4 to | pound plastic can 
be heated per kW. Thermoplastic sheets can be 
welded together by means of dielectric heating. The 
rubber and plywood industries also make use of 
dielectric heating. 

Application of induction heating is mainly for melt- 
ing ferrous and non-ferrous metals where temperatures 
up to 2500°C are required. Recently, this method of 
heating has also been applied to the hardening and 
tempering of steels. On a large scale, it is also used for 
pré-heating steel billets before forging. High frequency 
furnaces have got a different application from those 
of the low frequency furnaces. In the latter case, the 
furnace is a kind of a transformer in which the molten 


metal forms a short-circuited secondary winding 
designed to give the best electrical coupling. In one 
design the bath of metal forms a horizontal annulus 
around a vertical leg of the transformer on which the 
primary coil is wound. They are designed to handle 
up to 10 ton charges. In another design the core 
carrying the primary coil is horizontal and is sur- 
rounded by vertical channels joined at the bottom 
and leading up to the bath proper. The molten metal 
circulates through these channels.Although low fre- 
quencies were employed, the present tendencies for 
these furnaces is to use the normal main frequency. 
The power input is about 50% above that necessary 
to melt the charge, the loss being due to radiation. 
These furnaces are used to melt iron and steel as well 
as non-ferrous metals. The application for aluminium 
being very important. Furnaces up to 500kW are 
common. 


The high frequency furnaces operate under different 
ranges of frequency; 1) Low50 to 1000C/s, 2) Medium 
3000 to 30000C/s and 3) High 100kC/s. The water 
cooled copper tube heating coil is placed as close to 
the charge as possible. The choice of frequency 
depends upon the total power required and the type 
of heating. Electronic tube oscillators are employed 
up to 250kW, the frequency being fixed according to 
the type of work. Motor-driven generators are used for 
higher capacities and about 10kC/s. High frequency 
heating is specially applicable for hardening. When 
the depth of penetration is low (below 0.04 inch) an 
oscillator is preferred, and for greater depths a gene- 
rator is preferred. The great advantage of high 
frequency heating is its rapid heating, cleanliness, 
absence of gases and adaptability for vacuum heating. 
Heating steel takes about 600 to 900kWhr per ton, 
heating cupro nickel 400 to 600K Whr. In melting non- 
ferrous metals, high frequency furnace has been found 
to be very useful. Furnaces up to 300kW have been 
employed with a frequency of 1000C/s and 1000 volts. 


The cost of tube generators ranges from 200 to 300 
Pounds Sterling/kW for sizes up to 4 kW and 200 
Pounds Sterling/kW for sizes up to 30kW. Motor 
generator sets, although expensive have been found to 
be well adapted for melting furnaces. Recent develop- 
ments show that sets of about 3000kW have been 
employed for larger installations. High frequency heat- 
ing will take an important place in the ferrous and 
non-ferrous industry. 

(Dr.) B. K. R. PRASAD 


THE SPILLING STEAM ENGINE IN UNIT CONSTRUCTION 


Messrs. Spillingwerk of Hamburg, from 1919 on- 
wards, when designers generally became more and 
more interested in steam turbines and diesel engines, 
concentrated exclusively on the construction of verti- 
cal piston steam engines and developed the novel 
design of a high-speed, compact steam engine, which 


can be extended as required, thus creating an up-to- 
date and economic prime mover for steam plants 
generating their own electricity. 

The Spilling steam engine has been developed as an 
entirely new type of machine, built on the unit cons- 
truction principle, by the skilful and well thought out 
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adaptation of the known structural elements of safe, 
modern, high-speed diesel engines and electric motors 
to the design of a vertical reciprocating steam engine. 
Experience has shown that the inlet and outlet valves 
of internal combustion engines are particularly liable 
to cause trouble, and therefore it has been decided to 
retain piston slide valve control on the Spilling steam 
engine, which has proved extremely successful for 
steam engines in continuous operation. The high 
piston speeds usual with internal combustion engines, 
cause piston rings and cylinder liners to wear out in 
too short a time to be acceptable for steam engines in 
continuous operation. For this reason the Spilling 
steam engine runs at an exceptionally low piston 
speed and is therefore particularly resistant to wear 
and tear, even under the arduous conditions of conti- 
nuous operation. 

The Spilling steam engine has avoided the dis- 
advantages of the reciprocating movement of rods 
and intermediate levers by incorporating the revolv- 
ing camshaft, well known in the construction of 
engines, and thus ensuring an accurate and hard 
wearing control system. 

The special balancing of masses permits installa- 
tion of the engine on anti-vibration mounting, so 
that it can be operated in premises above cellars and 
on floors above ground level, as well as in blocks of 
flats, offices and in other places susceptible to 
vibrations. 

The steam piston engines of the old type are even 
to-day manufactured one at a time and their mecha- 
nical qualities therefore depend ultimately on the 
often varying abilities of the men who build them. In 
order to avoid these disadvantages it has long been 
accepted in modern engine design and construction— 
and this applies also to the Spilling steam engine— 
to machine the crank case unit from all sides simul- 
taneously in a single operation and in one setting. 
The position and alignment of all parts of the crank 
case unit are mechanically fixed, so that one unit is 
exactly like the next. This mechanically controlled 
fixing of centre lines, constitutes the invisible but none 
the less important backbone of the machine. The unit 
construction system of the Spilling steam engine en- 
ables the capacity of the machine to be increased on 
the site by grouping together several independent 
engine blocks or “power units”, or by adding to 
them. If the output of the steam engine installed 


should prove to be no longer sufficient after having 


been in operation for some time, then it can be raised 


and adapted to the increased demand by subsequent 
incorporation of one or several engine blocks or 
power units. 


Therefore it is not necessary to allow for higher 
machine output with reserve capacity requiring a 
greater capital outlay, than is actually necessary for 
the immediate demand. 


The unit construction assembly of multi-cylinder 
engines from identical engine blocks enables the 
Spilling steam engine to cover the whole range from 
10 H.P. to 1200 H.P. output with only two types o 
engine blocks. 7 


Wherever steam is required for a production pro- 
cess, the Spilling steam engine will prove eminently 
suitable and economic in use as prime mover for 
generators, transmissions, pumps and other machines. 


Heat-power coupling and absolute back pressure 
operation are excellent means of increasing the effi- 
ciency and economy of steam consuming plant. A 
Spilling steam engine can be used to convert into 
mechanical or electrical energy the available, but as 
yet unused temperature gradient between steam boiler 
and heat consuming equipment, such as heating and 
drying plant, cooking installations, exhaust refri- 
geration, and the like. 


The Spilling steam engine virtually replaces the 
uneconomical reducing valve, which, though provid- 
ing steam of a certain temperature and pressure for 
the manufacturing processes, dissipates the existing 
pressure gradient without utilizing it. 


The running production costs for energy generated 
by back pressure operation are very low. An average 
heat consumption of only 5500 BTU/kWh can be 
expected, that this corresponds to a consumption of 


0.44 lb of coal per kWh, or 
0.31 Ib of fuel oil per kWh. 


Spilling steam engines prove particularly economi- 
cal where cheap fuel or combustible waste products 
are available for burning in boilers, which can be 
utilized for steam generation and consequently elec- 
tricity generation. 


The saving in cost of electric power obtainable by 
the generation of electricity by means of a Spilling 
steam engine and a generator, make it possible to 
write off the capital cost of steam engine and gene- 
rator in 6 to 24 months, depending on the individual 
operating conditions. 


ACC-VICKERS-BABCOCK HEAVY ENGINEERING PROJECT 


The idea of establishing a large Heavy Engineering 
Works in India for the manufacture of a wide variety 
of heavy industrial plant including boiler-plant, 
cement-making and coal mining machinery, was con- 
ceived nearly three years ago. Before actually 


establishing a project of this magnitude, however, 
detailed consideration of a large number of problems 
was necessary. This naturally took some time. 
Thanks, however, to the continued encouragement 
and guidance received from the Government of India, 
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it has now been made possible to go ahead with the 
project. 

The new Company, ACC-Vickers-Babcock Limit- 
ed, whose abbreviated name “AVB” is already 
familiar to many, was incorporated on 16th January 
1959, with an Authorised Capital of Rs. 10 crores, 
of which Rs. 5.40 crores is expected to be issued by 
the time the Company goes into production. The 
Company is also expected to raise Debenture Capital 
to the extent of Rs. 4 crores by private negotiation. 


The share capital will be held as under : — 


*The Associated Cement Companies, Ltd.—49.8% 
Vickers Ltd., London—24.9%, Babcock & Wilcox 
Ltd., London—24.9%, Killick Industries Ltd—0.1%, 
F. E. Dinshaw Ltd.—0.1%, Tata Sons (Private) Ltd. 
—0.1%, and Mulraj Khatau & Sons (Private) Ltd.— 
0.1%. 

The Company will be directly controlled by a 
Board of Directors consisting of: - 


Mr. Dharamsey M. Khatau (Chairman), Sir 
Kenneth Hague, Mr. A. H. Hird, Mr. E. D. Sheppard, 
Mr. S. Moolgaokar, Mr. P. S. Mistry, Mr. T. A. H. 
Harrison, Mr. J. Steward Robertson, Mr. John Marks 
(Managing Director), Mr. G. R. Tongaonkar (Deputy 
Managing Director). 

The first Board Meeting of the Company took 
place on the 20th January 1959. Lord Knollys, the 
Chairman of Vickers Limited, has been visiting 
Bombay specially for the purpose of being present. 

Thanks to the assistance of the Government of West 
Bengal, arrangements have been completed for 
acquiring land and other necessary facilities at Durga- 
pur where the Company’s Works will be located. 

The A.V.B. Project is an outstanding example of 
collaboration within the Commonwealth not only in 
finance but also in technical know-how in the field 
of Heavy Engineering, and is a big step forward in 
India’s industrial development and progress towards 
self-sufficiency. It is, in fact, one of the largest heavy 
engineering projects in the private sector to be started 
in the post-war period. A.V.B. will manufacture 
machinery for cement-making, general mining and 
coal-mining, as well as the well known “Babcock” 
water-tube boilers, pressure-vessels and ancillary 
items. A.C.C.’s own Engineering Workshops, which 
have been manufacturing cement-making machinery 
for the last 15 years, will form an integral part of the 
new project inasmuch as an appreciable portion of 
the products envisaged will be manufactured in these 
Workshops for A.V.B. 





The construction of the A.V.B. Works will com- 
mence immediately and it is expected they will be 


completed in 1961. When in full production, the pro- 
ject will provide additional employment for over a 
thousand workers. 


The setting up of the project will involve no 
expenditure of Foreign Exchange from Indian re- 
sources, as all the Foreign Exchange required for this 
purpose will be covered by the funds provided by the 
Overseas participants. Apart from this, by manufac- 
turing certain items of heavy engineering equipment 
which are now imported, the project will also save 
for India a substantial recurring drain of foreign ex- 
change. Furthermore, when the project is in full pro- 
duction, it is hoped that it will be possible to earn 
foreign exchange for the country by exporting a por- 
tion of the production to nearby countries after meet- 
ing India’s own requirements and so strengthen India’s 
position in international trade. 

A.V.B. will have at its disposal the expert ‘know- 
how’ and wide experience of three well-known firms, 
namely, Vickers Ltd., London, who are internationally 
famed as builders of ships, aircraft and heavy machi- 
nery for cement, mining and other industries, 
Babcock & Wilcox Ltd., London, who are world- 
renowned as designers and manufacturers of Boiler 
Plant, Nuclear Installations and ancillary equipment, 
and The Associated Cement Companies Ltd., who 
are the pioneers in India not only in the manufacture 
of cement but also of cement machinery. 


LARGE ORDER FOR NOHAB-TURBINES 


The NOHAB company (Nydqvist & Holm Aktie- 
bolag, Trollhattan, Sweden) just received a large 
order for turbines from Central Eletricas de Furnas 
S.A. in Brazil. 


The order has been received in the face of keen 
competition between all the most known turbine 
manufacturers of the world. 


The Furnas Power Station is situated on the Rio 
Grande in the Department of Minas Gerais. The 
turbines will have a maximum output of approxi- 
mately 225,000 HP under a net head of 98.7 m (323 
ft. 11 in.). They will be similar to those NOHAB has 
delivered to The Swedish State Power Board for their 
Stornorrfors Power Station. The Furnas turbines will 
be somewhat smaller with regard to dimensions but 
due to the higher head their output will be larger. 

Ultimately the power station will be provided with 
8 units. 

The now received order represents a valve of 
approximately 12,000,000 Swedish Crowns (£827,500). 


It is planned that the first unit will be taken into 
service during the first half of 1962. 








Editorial Comments 


News has it that the level of the Gobindsagar, the 
artificial reservoir created by the Bhakra Dam, 
bas been rising and was thus causing some concern to 
the State Governments, as this indicates a high rate 
of silt deposition in the lake. The Soil Conservation 
Committee consisting of the General Manager of the 
Project and the Chief Conservators of Forests of the 
Punjab, Himachal Pradesh and PEPSU has therefore 
been alerated and it is planning “to carry out detailed 
observations’. 


Now this stupendous project has cost the country 
quite a lot and the high dam is not yet completed. On 
completion it is expected to change the face and the 
economy of the Punjab. So it would be rather surpris- 
ing to the public to hear that the reservoir has begun 
to silt so fast and so early as to be a matter of serious 
concern even before the dam could be finished. We 
have been hammering on this issue so frequently as 
to appear to be boring tomany. But now that portends 
are appearing to materialise earlier than later, we 
hope all the Governments concerned will take heed. 
The Himalaya-based rivers in particular are danger- 
ously fraught with this catastrophy. Present as well 
as future projects of dam building must take notice 
immediately. Soil conservation in the catchment 
areas running to millions of acres must be given a 
priority as high as dam building itself. This cannot 
be done by engineers and fcresters alone. They can 
do their bit in educating and infcrming the public 
about the nature and the gravity of the issue. But 
the major responsibility devolves on the put lic leader- 
ship of the country. In the absence of such large 
measure of public recognition of this problem, ex- 
perts’ committees can only tinker with it with minor 
schemes, giving us additional pretext to be compla- 
cent. 

Let us be frank once again on this issue: All the 
major river valley projects we have constructed so 
far, such as the Bhakra, the Hirakud, the DVC dams, 
and ail those that are now being taken up on rivers 
based on the Himalayan catchment areas, will be 
seriously incapacitated (if not worse) in the next two 
or three decades unless we take up an intensive as 
well as extensive programme of conserving the soil 
in the catcbment areas of these projects. Let the plan- 
ners at Delhi be bold enough even now to see beyond 
the limited range of orthcdox and stereotyped vision. 
Unless steps are taken from now on, evey financially 
these vast amounts may become bad investments. 
If dry statistics impresses them more, let them judge 
the matter from that angle as well. 

- * * 


As we were going through the replies of the Minister 
and the Deputy Minister for Irrigation and Power 
given in the debate over the Budget demiands in March 
last, vainly were we locking for their opinion on this 
problem. But then we would nct have had occasion 
to write so strongly on this subject had they touched 
on it. It may not be proper tosay that our ministers do 
not have this problen: in mind. But certainly this is 


not one which receives high priority. And possibly 
they think that it does not concern their “department”’. 
It is dealt by the Ministry of Agriculture, would be 
the natural reply. But this is exactly our point. It is 
this lack of priority and urgency and this ignoring of 
it due to a compartmentalist habit born of bureaucra- 
tic tradition that is coming in the way of realisa- 
tion of the immensity of the problem. We would res- 
pectfully ask our Ministers and Planners to put the 
matter in a long term perspective. We have put al- 
most 20% of our Plan resources on these mejor river 
valley projects but are we taking adequate measures 
for the security and the long life of these dams? Each 
of the five-year plans, taken separately, may be a 
success but these projects must be measured in terms 
of 50 and 100 years. Have we planned sufficient ancil- 
lary schemes to assure the longevity and effectiveness 
of these engineeting structures? It is high time we 
did so. 
* . * 

The Minister and the Deputy Minister in their 
speeches replying to the Lok Sabha debate excellent- 
ly reviewed the progress made in the field of irriga- 
tion and power development in the country. We 
have, however, one cr two comments tc make in this 
respect. 

The Deputy Minister, discussing the rate of g-owth 
of electric power in the country, declared in the course 
of hisspeech: “What I feel is that, even if you generate 
twice what you are generating today, that power 
will be utilised as soon as it is generated”. He is indeed 
quite right; and if electricity is one of the prime movers 
of industrial development, what is coming in the way 
of a bolder and faster plan of power generation? Does 
it not give the clear impression that it is not demand 
that is fcilowing supply, but rather the reverse? Is 
it then not desirable that power generation programme 
be planned at a higher target than at present? 

Another remark of the Dy. Minister in this connec- 
tion makes confusing reading. He says: ‘That means 
we are increasing the hydro-power generation and we 
are tr) ing to utilise as much water resources as possible, 
and go on decreasing thermal generation.”’ (italics ours). 
If we need more and mote power today, then why 
should we “decrease thera:al generation”? Asa matter 
of fact Dr. A. Lahiri, Director of the Central Fuel 
Research Institute, in a paper read at the Symposium 
on “‘Power Development in India” at the last Indian 
Science Congress session made out an effective case 
for more thermal generation in the next fifteen years. 
We heve not yet hed an effective argument against 
his case. It is not a question of having less of hydro- 
power; but we have yet to understand why we should 
have Jess thermal power. 

Then, the Dy. Minister bas not at all touched upon 
the question of nucleer power generation. Power 
from such 2 source may not make 2 substantial conri- 
bution to our tctal power needs today. But as the 
fuel of the future, it is aighly important that from 
now cn we give a significant place to atomic power, 
not from the quantitative but rather from the 
technical and qualitative point of view. 














Our Contributors 


Professor N.S. Govinda 
Rao, passed his B.E. (Civil) 
with distinction in 1928. 
Hehas a verydistinguished 
career in the technical 
educational field and in 
research. Published. over 
50 paper son research in by- 
draulies, irrigation, water 
power development, con- 
servation and scil mecha- 
F nics. His investigations 
f include aerofoils, current 

meter, domestic water 
supply meter, high discharge low head centrifugal 
pumps, and low cost transmission towers with pre- 
stressing deviee. He has 12 years experience In investi- 
gating, design and construction and maintenance of 
hydraulic and other. civil engineering works. He 
is at present Dean of the Engineering Faculty of the 
Indian Institute of Science. He is mem" er ot vatious 
academic and professional bodies such as Institute or 
Engineers, IAHR, American Society of Civil Engineers, 
British Hydrodynamics Research Association. He bas 
toured U.S. A. and Europe extensively and represented 
this country in International technical conferences. 





He is the author of several publications including 
some published by the CB & IP. He is consultant in 
various projects and member ot the Board of Studies 
in the Universities cf Madras. Kerala and Annamalai. 


Sir Christopher Hinton K.B.E., F.R.S. is one of the 
leading personalities in the field of atomic energy deve- 
lopment in the U.K. Born in 1901 he started bis career 
asa railway engineer. Studied at Trinity College and 
then joined the I. C. I. (Alkali) where he became Chief 
Engineer in 1931. In 1942 he was appointed Deputy 
Director General of the Ministry of Supply. After 
the end of the war he was put in charge of the produc- 
tion supply of the Ministry’s Atomic Energy Division. 
Sir Christopher Hinton took active part in designing 
the BEPO (British Equipment Pile) at Harwell. He 
and his colleagues were faced with novel technical and 
scientific difficulties in setting up production factories 
in Springfields, Windscale and in Capenhurst. All 
these were successfully dealt with hy. him together 
with other British Engineers. 


Sir Christopher Hinton has Leen actively associated 
with the development of nuclear power stations like 
Calder Hall and Dounreay. In 1954 he was elected 


a fellow of the Royal Society. He is the Chairman of 
the Board of British Nuclear Energy Conference. He 
has also been reelected Chairman of the OEEC 
Council. . 


Mr. U. Ananda Rao, 
B.E., M.I.E., M. As. C. E. 
born in 1903, belongs to 
the Indian Service of En- 
gineers. He has been Chief 
Engineer in Madras State 
for the last 4} years. As 
Executive Engineer, was 
associated in the investiga- 
tion and construction of 
Poondi Reservoir. As Su- 
perintending Engineer, he 
was deputed to America 
for about a year 
during 1948-49 for making specialised studies in the 
design and construction of dams. Was associated with 
the construction of Lower Bhavani Project for some 
time. As Chief Engineer, has been responsiblefor the 
construction of several Projects such as Malampuzha, 
Walayar, Mangalam, Amaravathi, Sathanur, Krishna- 
giri_ and Araniar. These projects provided for 
construction of masonry and earth Dams, heights 
ranging from 100’ to 150’. Now incharge of Parambiku- 
lam-Aliyar Project as Special Chief Engineer. 





Mr. S. Seshadri, pass- 
ed B.Sc. and B.E. (Civil) 
from Mysore University, 
Joined the Kakrapara 
Irrigation projectin 1952 
under the C. W. & P. C. 
He remained there from 
February, 1952 to De- 
cember, 1952. Worked 
as a Junior Engineer in 
the Koyna Hydro Elec- 
tric Project at the head- 
quarters at Bombay. 
Early in 1954, came over 
to Madhya Bharat as Assistant Engineer, working at 
Gwalior and Bhilsa. Left for China in April 1957, 
as a Government of India scholarship holder, to study 
“Flood-Control and Irrigation”. Returned in July 
1958 and at present working at the Chief Engineer’s 
Office at Raipur. 
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Instal a De Laval Centrifugal Oil Purifier 
at only a fraction of the cost of your power 
unit and instantaneously remove all traces 
of water, dust and sludge from your lubri- 
cating oil and still retain the valuable 
oxidation inhibitors added by the refiner. 
By most effectively utilizing centrifugal force 
a De Laval Oil Purifier keeps turbine oil so 
clean that it can be used indefinitely. 


Also instal De Laval Separators for trans- 
former oil, diesel fuel oil, vanaspati factories, 
power alcohol distilleries, starch and 
hundreds of other industries. 


A complete range of spares for all types of 
De Laval Units are readily available from 
stocks in India. 


SSF Ball Bearing Co. Private Ltd. 





De Laval Industrial Separator Division 
P. O. Box 71, Bombay |. 
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The special impregnating compound used in M.I.N.D. 
Cables will not migrate even when the cables are 
operating in a vertical installation at the maximum 
permissible working temperature. 

M.I.N.D. paper insulated cables have been specially 
developed by BICC for this type of application. They 
are particularly suitable for use as rising mains in tall 
buildings, flats, offices, mine shafts, or any installation 
where gradients are encountered. 

The compound cannot bleed into cable boxes or 
switches. Maintenance costs are reduced and, above all, 
M.I.N.D. Cables cost no more than conventional types! 

For all voltages up to and including 11kV. 


Further information on these cables is given in BICC Publications 
308 and 353 (Mining type). They are available on request. 
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mass-impregnated non-draining 


CABLE S 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
21 Bloomsbury Street, London, W.C.! 
BOMBAY OFFICE: 


P.O. Box No. III, Esplanade House, Waudby Road, Fort, Bombay 








